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Abstract
This document, I Contract Data Requirements List (CDRL) Sequence Number 1240, describes
the final defmit n of a Software-First Life Cycle (SFLC), developed under the Q and R increments
of the STAR program. The SFLC provides a dramatically different approach to systems devel-
opment by integrating the use of rapid prototyping, reusable components, concurrent engineering,
and other new and emerging technologies. This approach, which takes advantage of the benefits
of each of the included technologies, has the potential for a substantial improvement in productiv-
ity, while increasing the quality and reusability of the developed system.

" The SFLC consists ofSphases Preliminary System Analysis, System Architecture, Software
Growing, Productization and Production, and System Operation and Support. Each of these
phases are formally defined using the ETVX (Entry Criteria, Task, Validation, and Exit Criteria)
model. The major input, output and intermediate work products are also identified and defined.

This document results rom the wow-6-ihe IBM QI5 team of Maurice- Blfumiberg and Mary
Catherine Ward.
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Introduction

Goals
The goal of the STARS program is to develop a system development process and the new tech-
nologies needed to support it. These will "provide a basis for the development of very large,
complex (and in particular, the so-called embedded, real time) systems on a predictable time scale
far shorter and for a cost far less than is possible with today's software technology and acquisition
process, and with a quality that far exceeds the norm." (Gree89) The system development process
is based on a "software-first" approach for new system acquisition, as defined in Attachment 4 to
AF Regulation 800-14 (STAR87). The definition of the Software First Life Cycle (SFLC),
descibed in this paper, is consistent with the 800-14 definition and is intended to be the software-
first process which meets the STARS goals.

In developing a definition of the Software First Life Cycle (SFLC), our goals were to define a life
cycle process that:

0 Takes full advantage of the lessons learned concerning existing life cycle processes. (See
"Analysis of the Existing System Development Process" on page 3.)

* Takes full advantage of the new and emerging technologies. (See "Fundamental Concepts of
the SFLC" on page 5.)

* Is "executable", i.e., provides enough detail and structure so that it can be implemented and
followed on a real project. (See "High Level View of the SFLC" on page 9, "SFLC Process
Model" on page I I and "Major Work Products of the SFLC Phases" on page 52.)

* Is flexible enough to be applied in the near term while the new technologies are still maturing,
and in the long term when the new technologies have matured. (See "High Level View of the
S!LC" on page 8, "SFLC Process Model" on page II and "Major Work Products of the
SFLC Phases" on page 52.)

* Is flexible enough to be applied to precedented systems i.e., those systems with well-defined
technologies and/or previous implementations, and unprecedented systems, i.e., those systems
requiring new technologies and/or with no previous implementations. (See "High Level View
of the SFI.C" on page 8, "SFLC Process Model" on page I I and "Major Work Products of
the SFLC Phases" on page 52.)

Approach
In developing the SFLC defined in this document, the experiences of several projects were studied,
many current research efforts were evaluated, and various technical exchanges were conducted
internal and external to IBM. Special emphasis was devoted to lessons learned from projects using
traditional waterfall life cycles and projects with successful experiences in using new technologies
such as rapid prototyping and reusability (see "Appendix B. Major Site Visits and Meetings" on
page 79 and "Appendix C. Bibliography" on page 81).
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Relationship to Other STARS Tasks
The SFLC, in many ways, is related to all the STARS tasks since it is the process under which all
the STARS technologies will be integrated. It is most directly related to IR66, Software-First
CDRLs, which will define the data item descriptions (DIDs) for the work products, as initially
identified and defined in this document. In addition, IR20, Process/Environment, will define ap-
plication blueprints which can be used, especially in the Preliminary System Analysis and System
Architecture phases, to develop the approach to defining and implementing system prototypes an'
evolving them into a productized system. IQM 15, Software First Systems Analysis, will define a
methodology that can be used to perform the domain analysis and prototype definition and design
required in the Preliminary System Analysis and System Architecture phases. IR40, Repository
Integration, will provide a repository of reusable Ada components which are needed to support
"rapid" prototyping and the evolution of system prototypes into a productized system.

Structure of Document
The first section, "Analysis of the Existing System Development Process" on page 3, describes some
of the key problzms with existing system life cycles. The section, "Fundamental Concepts of the
SFLC" on page 5, summarizes the technologies which play a significant part in the SFLC. The
section, "High Level View of the SFLC" on page 8, provides an overview of the SFLC phases.
The section, "SFLC Process Model" on page 11, provides a formal definition of the SFLC. It
describes the entrance criteria, tasks, validations and exit criteria for each of the SFLC phases The
section, "Major Work Products of the SFLC Phases" on page 52, identifies the major input, out-
put, and intermediate work products for each SFLC phase. It gives a narrative description of each
phase, and the key work products of the phase. The final section, "Summary of Work Products"
on page 59, presents a summary description of the work products in table format. "Appendix A.
SFLC Work Product Descriptions" on page 64 provides definitions of the major work products in
alphabetical order. The last two appendices, "Appendix B. Major Site Visits and Meetings" on
page 79 and "Appendix C. Bibliography" on page 81, provide a list of the key projects and people
consulted and a set of reference papers/documents.
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Analysis of the Existing System Development
Process
The waterfall life cycle model (Royc70) is the best known and most widely used model today for
the development of software. In many ways it is "the best we have", providing a well-defined and
disciplined approach to systems development. Before defining a new process, we realized it was
important to first examine the existing waterfall life cycle, especially in terms of lessons learned.
Jim Moore, the STARS IBM System Architect, having researched this issue, identified the follow-
ing key areas of concern.

Early Requirements Freezing

The waterfall life cycle starts with the formulation of a set of requirements for the software system.
Once these requirements are "frozen", changes may still be made, but to maintain stability only the
most needed changes are accepted. This early freezing of requirements, years prior to the actual
delivery of the system, has become one of the main concerns about the use of the waterfall life cycle.
As the actual requirements continue to evolve and change, early freezing of the formal requirements
provides little opportunity to determine whether the system as delivered will meet the users' needs
at the time of delivery. Also, technologies which emerge while the system is under development
are often not exploited because the requirements have already been frozen.

Early Selection of Hardware

Typically, the computing hardware for the system is selected shortly after the requirements are
frozen, possibly years before the delivery of the system. This early selection often means that the
hardware will be obsolete by the time the system is fielded, because the capability of commercially
available computing equipment roughly doubles every three years.

Linti, User Involvenent

The waterfall process tends to isolate the actual end user from the system during development. This
happens because the intermediate products of the waterfall life cycle are documents, not products.
Giving the user documents to evaluate a system is akin to shopping for a car and seeing only the
owner's manual. The end user does not get to "test drive" the system until the last phase of the
waterfall process.

Incremental Quality Control

As practiced by the DoD, software development proceeds through seven distinct phases. The basic
quality control technique is to terminate each phase with a series of reviews which evaluates the
documents produced by the current phase and compares them with the documents produced by the
prior phase to ensure that they reconcile. This is called an "incremental" quality control technique

Analysis of the Existing System Development Process 3



because comparison is primarily made to the result of the prior phase rather than to the original
requirements of the system.

Since a contractor is committed to following a single development path, this approach creates a high
risk in developing a system which meets its requirements. To illustrate this, consider a simple
mathematical model that was applied to a hypothetical software system of 20 components pro-
ceeding through the seven phases of the DoD software development process. The probability of
success for each individual component in each development phase was set high, at 99 percent. Yet,
the aggregate probability of success turns out to be low, less than 25 percent, because the incre-
mental quality control mechanism has the effect of compounding the risk of error at each stage.
Remedying such potential failures requires rework of the system or redevelopment.

Fragmented Requirements

In many cases, an executable version of the entire system usually does not exist until system inte-
gration and test, the last phase of the waterfall process. (Documents are used as the system inte-
gration mechanism until then.) This implies that the focus of the system development effort is on
the development, test and evaluation of the system components as individual entities. While each
component may meet its requirements, without integration with each system component it can not
be determined whether the system requirements are being met. In addition, there is no opportunity
for the end user to evaluate the system requirements until all component development has com-
pleted.

Analysis of the Existing System Development Process 4



Fundamental Concepts of the SFLC
To formulate the concepts that underlie our Software-First Life Cycle, we evaluated new and
emerging technologies that have the potential for significantly improving the system development
life cycle. This included studying the current literature and industry experiences. The results,
combined with the lessons learned from the current system development process analysis, are the
basis for the following fundamental concepts we have incorporated into our Software-First Life
Cycle.

Prototyping
The ability to quickly build a partially complete working prototype of a system and progress it to

- -- a fully productized system is critical to the SFLC. Accurate system capabilities can be formulated
using prototyping because prototypes give the customer team a more tangible work product to
evaluate than the traditional requirements specification (Luqi89). In addition, prototyping allows
for the evaluation of design alternatives, performance, and other issues early in the life cycle.

Reuse
Reuse is valuable in all phases of the system development life cycle. Reusable components should
not be limited to code. There are many valuable work products that should be considered for reuse
such as lessons learned, standards, application blueprints, domain analyses. The reader is referred
to (I BMI 1540) and (IBM380) for a complete discussion on reusability.

Concurrent Engineering
Traditionally, the disciplines involved in system development interact in a sequential fashion, with
one discipline usually responsible for a single step. The goal of concurrent engineering is to improve
the development process by integrating activities and disciplines which were traditionally sequential.
These activities and disciplines would then run concurrently, interacting heavily.

For example, traditionally in large systems development the engineering phase occurs after the re-
search phase with little interaction. An application of concurrent engineering might be to begin
systems engineering and to identify known and new technology areas. Research in the new areas
can run concurrently with the engineering of known capabilities. Process tailoring and
mutidisciplinary teams are two important aspects of concurrent engineering which are also elabo-
rated in the paragraphs that follow. (Char88)

Process Tailoring
Concurrent engineering allows for the customizing of the development process concurrently with
the engineering of the system. Every system is unique. This uniqueness should also be favorably
exploited in terms of the life cycle process. The process should be tailored to the specific system
under development. Unnecessary tasks and work products should be removed and essential unique

Fundamental Concepts of the SFLC 5



tasks should be added. Tasks which can be done concurrently instead of serially should be done
concurrently. Who should be involved (customer team, planner, developer, etc.) in the process
at what time may also change for each project. By tailoring the process, it is streamlined for a
particular development effort with the intent of shortening the life cycle, decreasing costs, increasing
quality and most importantly meeting the customers requirements. (Char88)

Most of the tailoring occurs at the beginning of a project, but throughout the project the process
should be monitored and adapted to the evolving system development efforts.

Open Communication with Customer Team

Communication between the contractor and customer team (contracting agency and end users)
must remain open throughout the entire life cycle. There should be a continuous effort from both
sides to ensure that the system being developed meets the customer team's needs.

Often, the customer team has only a general idea of what the system should do or look like, and
very often the needs and expertise of the customer team change as the system evolves. By working
with the customer team from the beginning, the contractor can refine and evolve the system with
their guidance and approval. The customer team should be encouraged to participate in check
point activities such as prototype evaluations and reviews and in analysis tasks where trade-offs will
be discussed and decisions made.

Involving the customer team promotes team spirit between the contractor and customer. Instead
of standing on the sidelines waiting for delivery, the customer team takes an active role in creating
the system, building enthusiasm, cooperation and a sense of ownership along the way.

Multidisciplinay Teams

One of the problems with the current system development practices has been the acquisition of
hardware before the software component is analyzed. Another problem is that the customer team
is not always involved with the project until the very end. These problems arise because the right
people are not brought into the process at the right time.

The manufacturing industry promotes the use of a multidisciplinary team as one of the principles
of concurrent engineering. At least one member from each of the major process areas (for system
development this might include hardware, software, quality, and planning) is represented on the
team. The team analyzes the system from each functional perspective and is responsible for tai-
loring the process to ensure that the right things are done at the right time and that the right people
are included at the right time. (Char88) We propose that this includes the customer team.

While manufacturing uses only one team at the process level, extending this concept to various
pieces of system development (such as the definition of user interfaces) may be worthwhile. These
scaled down teams could focus on particular issues spanning multiple disciplines.

Domain Analysis

Domain analysis captures the essential characteristics of a defined domain. Objects, operations and
characteristics common to all systems in the domain are identified, classified, and generalized. The
result is a domain model, "transcending" specific applications. This model provides "expert"

knowledge to the system analysis phase of system development. This knowledge aids decisions
concerning reuse opportunities, component generation, prototype assembly, etc. (Prie87)

Fundamental Concepts of the SFLC 6



Hardware Independence
Another problem with current system development practices is that many decisions are made very
early in the life cycle. Many of these decisions involve environment issues, such as which hardware
or operating system to use. If made too soon, these decisions can cause the system to be obsolete
by the time the software is completed.

Part of the solution to this problem is to make all software as portable as possible. If the software
is portable, the hardware and environment decisions can be postponed until as late as possible in
the life cycle. This allows the system to incorporate the latest developments in hardware and op-
erating systems. If the software that needs to be dependent on the environment is kept to a mini-
mum and isolated, effort to port the system is minimal.

Fundamental Concepts of the SFLC 7



High Level View of the SFLC
Figure 1 on page 10 presents a high level view of the Software First Life Cycle. The SFLC consists
of 5 phases: Preliminary System Analysis, System Architecture, Software Growing, Productization
and Production, and System Operation and Support. The phases are similar to those defined in the
draft standard, "Software-First Development Standard for Systems-in-the-Large (Draft)"
(STAR87). The SFLC, as defined in this document, is a refinement of the draft standard into an
'executable" life cycle which integrates such technologies as concurrent engineering, rapid proto-
typing, and reusability. By combining and integrating these technologies into a well-defined and
highly concurrent process, the SFLC has the potential for a substantial improvement in produc-
tivity while at the same time, increase the quality of the system.

The SFLC, unlike more traditional waterfall life cycles, is not sequential and is not specification
- - or-document driven. - Evaluation of system capabilities and trade-offs do not occur against a set of

documents, but rather against incremental prototypes which have been "rapidly" developed from
reusable components. This is not to say that documents do not play an important role, just a dif-
ferent role, i.e., they capture the results and record the direction of system development instead of
determining it. System requirements and design documents are definitized after a full-capability
prototype is developed rather than at the start of a project when system requirements are not
well-understood and are subject to change. Thus, the "excessive paper" productionmaintenance,
required of the system developer, and the "excessive paper" review, required of the customer is
eliminated.

The first phase of the life cycle is Preliminary Systems Analysis, which begins with the receipt of
the desired operational capability for the system to be developed. The main purpose of this phase
is to understand the system and users' requirements well enough to enable prototyping to begin in
the next phase. The workproducts produced by this phase provide only a partial description of the
system, and its operational capabilities, and are intended to provide sufficient detail to allow de-
velopment of the initial system prototype. It is also in this phase that the process definition is tai-
lored to the unique requirements of the project, the development environment is built, and long
lead time new technologies are identified to allow the required research and development efforts to
be initiated.

The System Architecture phase is the driving phase of the life cycle. In this phase a full capability
system prototype is evolved from a "rapidly" developed initial system prototype in order to address
technological and programmatic risks early in the system life cycle and to allow early, effective in-
volvement of the customer team in evaluating and refining system capabilities. The initial system
prototype, and subsequent incremental system prototype builds, are assembled, to the greatest ex-
tent possible, from reusable components in the repository. It is during this phase that architecture
trade analyses (e.g., hardware/software, performance/size) are performed. Alternative approaches
are evaluated, as required, by building prototypes reflecting the alternative approach. When new
software components or a new technology needs to be developed, requests are made to the Software
Growing phase. Thus, as part of the process of evolving a full capability system prototype, incre-
mental system prototypes are developed concurrently with new software components and new
technologies. In addition, incremental system prototypes addressing alternative approaches of the
same capabilitiy or addressing distinct capabilities are developed in parallel. These prototypes allow
early involvement of the customer team, including planned users, in evaluating the system as it is
beinp developed.

Iligh ILevel View of the SFIC 8



Within Software Growing new software components are developed, also using prototyping. Full
capability component prototypes are productized and stored in the repository. Incremental com-
ponept prototypes can also be stored in the repository to allow early use of software components
in the assembly of a system prototype. It is also in this phase that new technologies, as needed,
are researched and developed. When a new technology has been sufficiently defined, a new software
component will be developed, as described previously, and stored in the repository.

Upon completion of the development of a full capability system prototype in the System Archi-
tecture phase, the prototype is productized in the Productization and Production phase. In this
phase the system prototype, "a functionally executable software and hardware system (STAR87)",
is converted into a productized system, "a fully defined, specified, developed, documented, tested,
delivered and supported production quality software/hardware system (STAR87)".

Finally, in the System Operation and Support phase, the productized system is operated and
maintained at the customer site. New operational requirements are identified for the next version
of the system and these are input to the Systems Analysis phase. The SFLC is then repeated, as
required, for a new version of the operational system.

Tv o major reviews, the Pre-Prototyping Review and the Pre-Productization Review are also
Ishown in Fioure . ThePre-Prototyping Review is performed after completion of the System

Analysis phase to ensure that the system developer has a sufficient understanding of the system and
usersI requirements, to build a prototype. The review also ensures an understanding between the
customer team and the system developer of the life cycle process tailoring, milestones, and deliver-
ables to be followed by the project. The information that is reviewed, although not a complete
definition, nevertheless, does provide a very concise definition of the system being developed and
the capabilities of the initial prototype. The Pre-Productization Review is performed after com-
pletion of the System Architecture phase to ensure that the customer and the the system developer
agree on the tasks necessary to productize the full capability prototype into an operational system.

Note:

In order to maintain diagram simplicity, feedback loops from a review or phase back to a previous
phase are omitted from Figure 1. These feedback loops will occur when it is determined that fur-
ther work is required in that phase.

Figure 1 also shows interaction with the repository in all phases of the life cycle, to indicate that
more than just software is stored in the repository. In addition to software, such valuable infor-
mation as lessons learned, results of domain analyses, and specifications will be stored and retrieved
from the repository.

High Level View of the SFLC 9
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I\I/ I \I/ \I/ \I /
I---------- -\ ....-......... /---------- ......

I IRepositoryl I I IRepositoryl
I I I I I I I
I+---- +....................... +-----------............
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. . . New I Component
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RequestsI Requests I
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....... ....... .-- 1 I
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Figure I. Software First Life Cycle - Hligh Level View
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SFLC Process Model
The purpose of this section is to present a formal definition, i.e., a process model, of the SFLC.
The process model provides the framework for describing the required tasks and controls, per-
formed within each phase of the SFLC, at a level of detail that makes the life cycle "executable",
i.e., it can be used by "real" projects to develop "real" systems. The process model emphasizes
what is to be accomplished in each phase, not how it is to be done and, thus, does not contain
details of specific methodologies or tools. This allows it it to be applicable to a broad range of
system solutions and flexible enough to be "tailorable" to multiple methodologies and tools.

The mechanism chosen for defining the SFLC process model. is the ETVX (entry criteria, task,
validation, and exit criteria) model. This model has been used by various organization, including
IBM, to define development processes (e.g., Rad85 and Hum89). The EVTX model can be applied
at multiple levels of detail, beginning at the top level and continuing down to as fine a level of detail
as is required to fully define a process. - .

ETVX models are described in this section for each phase of the SFLC. In addition, for the Pre-
liminary System Analysis, System Architecture, and Software Growing phases, ETVX models are
provided for each of the tasks within these phases. In future work, ETVX models will be developed
for tasks within the other phases (Productization and Production phase and System Operation and
Support phase) and for each subtask within a task (and possibly at lower levels).

For each SFLC phase, the ETVX model defines the following information:

" the set of inputs that are needed to perform that phase. Some of these inputs are essential,
while others are used as reference material.

" entry criteria that should be satisfied before beginning that phase. The entry criteria does not
mean that inputs must be complete before the phase begins, unless it is explicitly stated as part
of the entry criteria.

* the tasks that describe what is to be accomplished.

* a set of validations that are used to verify the quality and completeness of the outputs produced
by the phase.

" exit criteria that should be satisfied before the phase is viewed as complete.

• the set of outputs that are produced by the phase.

For the task level ETVX models, the information described above is provided for each task and
includes descriptions of each subtask.

Although the SFLC is segmented into phases and tasks which are presented sequentially in the
subsections below, much of the actual work occurs concurrently in various degrees across the
SFLC, e.g., when multiple system and component prototypes are being developed. Thus, the
ETVX models are not intended to to imply that all tasks in a one phase must wait for completion
of all tasks in another phase. However, in order for a phase to have all tasks exit from it fully, all
exit criteria must be satisfied at some point in the development life cycle for a given system.

SFI.C Process Model II



The SFLC phases, and their associated tasks, are listed below and are described in the subsections
that follow.

* Preliminary System Analysis Phase

M Analyze Desired Operational Capabilities

M Develop Plans

a Perform Preliminary Application Blueprinting

a Assemble Environment

* System Architecture Phase

0 Assemble System Prototype

a Evaluate System Prototype

* Perform Expanded System Analysis

M Perform Pre-Productization Analysis

• Software Growing Phase

.. .. u -- Develop CompoTm-nt Prototypc(s)-

Evaluate Component Prototype

* Productize Component Prototype

* Perform Component Test and Acceptance

* Develop New Technology

0 Productization and Production Phase

* Productize Full-Capability System Prototype

* Test Productized System

* Run Acceptance Test of System

* Deliver System(s)

* System Operation and Support Phase

" Operate System

" Maintain System

" Identify New Operational Capabilites

SFIC Process Model 12



Preliminary System Analysis Process Model
The process model for the Preliminary System Analysis phase is shown in Figure 3 on page 15.

The entry criteria for this activity is the receipt of project funding. The inputs, as shown in the
figure, are provided by the customer team.

The tasks performed during the Preliminary System Analysis Phase are:

* Analyze Desired Operational Capabilities

* Develop Plans

* Perform Preliminary Application Blueprinting and

0 Assemble Environment.

The relationship between Preliminary System Analysis tasks are shown in the figure below.

Preliminary System Analysis

1----------------------------------------------------------

>..>-------- ------------ + ---- >. Pre-
Analyze I Perform I .Prototype..
Desired I Prel. Ap-I I I Review ..
Opera- 1-+--->l lication I------ >1 I
tional I I I Blue- I
Capab. II Iprinting I

I I I I I I
+-----------+ I ------------- I

I
I +------------I

I I II
I I Develop
I--->1 Plans I------>1 I

II III
II III
II III

I ------------ I

I ------------ I

+---> Assemble I--------->
Environ- I
ment

I +-------------

----------------------------------------------------------

Figure 2. Preliminary System Analysis Tasks
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The Analyze Desired Operational Capabilities task formulates a high level understanding of the
mission and operational needs of the system. To accomplish this, customer inputs, new technolo-
gies and similar systems are analyzed and end users and domain experts are interviewed. The De-
velop Plans task defines the preliminary strategies for incrementally building the system, for
ensuring usability, and for developing system software. It also defines the purpose and evaluation
criteria of the inital system prototypes. The Perform Preliminary Application Blueprinting task
captures "analysis, design and implementation information for a specific domain in a form which
facilitates reuse". (IBM 1490) The Assemble Environment task instantiates a base system develop-
ment environment complete with operating procedures.

The validations performed within the Preliminary System Analysis phase are successful internal
reviews of the mission statement, operational need and concept of the system, developed plans and
initial prototype capabilities. The internal review of the mission statement and operational need,
performed during the Analyze Desired Operational Capabilities task, ensures that a high level view
of the system and its capabilities is understood. The internal review of the operational concept,
performed during the Perform Application Blueprinting task, ensures that the operational de-
scription and preliminary high level architecture satisfy the operational need. The internal review
performed during the Develop Plans task ensures the quality and completeness of the plans devel-
oped during this phase. The internal review of the initial system prototype capabilities, also per-
formed during the Perform Preliminary Application Blueprinting task, ensures that the system
developer has a sufficient understanding of the initial prototype capabilities and how the prototype
fits into the evolution of the system.

The exit criteria for the Preliminary System Analysis phase is a successful Pre-Prototyping Review.
This review ensures that the system developers have a sufficient understanding of the users' re-
quirements and system operational capabilities to build a prototype. It also ensures an under-
standing between the customer team and the development team of the life cycle approach,
milestones and deliverables to be followed by the project. The review includes the approval of all
the outputs shown in the process model figure.

The process models for each of the Preliminary System Analysis tasks are described in the sub-
sections below.
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Inputs Outputs

+ - - - - - - - - - - - - - - - - - - - - - - - - -

I Entry I Preliminary System I Exit
ICriteria J Analysis Phase ICriteria

+--------- ---------------------- -------------
I Tasks I

---------- >I-Receipt of I ------------------ I-Successful I---------->
l.Statement of I Funding I I*Analyze I I Pre-Proto- Il.Mission
Work I I I Desired Oper. I I typing I Statement

2.Guidelines I I I Capabilities I I Review I (Def)
& Standards II I*Develop Plans I I 12.Operational

3.Desired I I L*Perform II I Need (Prel)
Operational I I I Preliminary I I 3.Operational
Capabilitiesj I I Application I I Concept (Prel)

II I Blueprinting I I 4.Prototype
II L*Assemble II I Capabilities
II I Environment II I (Initial)

I I I I15.Incremental
I I I IBuild Plan
I I I I (Prel)

* ~~I - .-> -I16.Software Dev.
II I I I Plan
II I II 7.Usability
II II III Plan (Prel)
II I II 8.Prototyping
II II III Plan (Initial)
II 1 I H19.Environment
II I I IInstantiation
III H I(HW/SW and
II I II I Procedures)
II I II I(Base)

H ------------------- 1I

II Validations 11
II+------------------I

11 I*Successful II
11 I Internal Reviewl 11
11 of Developed II
11 Plans. II
11 I*Successful II
11 I Internal Reviewl 11
I+-I of Prototype <-+I
I I Capabilities J
I *Successful I

I I Internal Reviewl I
IIof Mission II
IIStatement and I
Iof Operationaljj

I INeed and Conc.II
I -------------------

+-----------------------------------------------------

Figure 3. Preliminary System Anal sis Process Model
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Analyze Desired Operational Capabilities Process Model

The process model for the Analyze Desired Operational Capabilities task is shown in Figure 4 on
page 17.
The entry criteria for this task is the receipt of project funding. The inputs, as shown in the figure,

are provided by the customer team.

The subtasks performed during the Analyze Desired Operational Capabilities task are:

* Review Current System Information

* Review Reference Material and Similar Systems

* Interview Potential End Users and Domain Experts

* Visit Field Sites

* Define Mission Statement and

* Define Preliminary Operational Need.

The Review Current System Information task surveys and analyzes the existing system (including
all supporting documentation) to identify system deficiencies. The Review Reference Material and
Similar Systems task surveys alternative methods and systems to identify desireable capabilities.
The Interview End Users and Domain Experts task surveys end users for their view of the needed
system capabilities and usability features, and consults domain experts to identify capabilities
common to all systems within a domain. The Visit Field Sites task enables developers to see the
environment in which the system must operate. The Define Mission Statement task relates the
mission of the overall system to the desired capabilities of the operational system and defines the
purpose and goals of the system. The Record Preliminary Operational Need task uses the results
of the other Analvze Desired Operational Capabilities subtasks to develop the statement of the
operational problem to be solved, describing it in user operational terminology.

The validations performed within the Analyze Desired Operational Capabilities task are successful
internal reviews of the mission statement and operational need. The internal review of the mission
statement, performed during the Define Mission Statement subtask, ensures that a high level de-
scription of the purpose and goals of the operational system are well understood. Likewise, the
internal review of the operational need of the system, performed during the Record Preliminary
Operational Need subtask, ensures that the preliminary description of the operational problem to
be solved is well understood.

The exit criteria for the Analyze Desired Operational Capabilities task is the completion of the
definitized Mission Statement and preliminary Operational Need.
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Inputs Preliminary System Analysis Phase Outputs

+ --------------------------------------------------

I Entry Analyze Desired Exit

I Criteria Oper. Capabilities Criteria
+------------- --- -------------- ----------
I-Receipt of I Tasks I-Completed

->1 Funding I ------------------ I Definitized >
l.Statement I I I*Review Current I I Mission Il.Mission

of Work I I System Info I Statement Statement
2.Guidelines I *Review Ref. I and Prel. (Def)

& Standards I I Material and I I OperationalJ2.Operational
3.Desired I I Similar Systemsj I Need Need (Prel)

Operational I I*Interview
Capabilitiesl I I Potential

End Users and
Domain Experts

I I*Visit Field I I
I I Sites I I
I+->*Define -+I
11 1 Mission Stmt I II
1 I*Define Prel. III

Operational
Need

Validations

SI*Successful I
Internal Review

111of Mission Stmtj1
SI*Successful

Internal Review

111of the Opera- 11
+-I tional Need <-+I

------------------

..................................................

Figure 4. Analyie Desired Opraional Capabilities Process lodel
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Develop Plans Process Model

The process model for the Develop Plans task is shown in Figure 5 on page 19

The entry criteria for this activity is a completed definitized Mission Statement and preliminary
Operational Need. The exit criteria of the Analyze Desired Operational Capabilities task satisfies
the entrance criteria for this task. The inputs, as shown in the figure, are either received from the
customer or are created by the tasks and subtasks of the Preliminary System Analysis Phase.

The subtasks peformed during the Preliminary System Analysis Phase are:

* Develop Preliminary Incremental Build Plan

* Develop Software )evelopment Plan

* Develop Prcimrinary Usability Plan and

" Develop Prototype Plan for the Initial System Prototype.

The Develop Preliminary Incremental Build Plan subtask defines the initial strategy for evolving
system prototypes to an operational system. This includes specifying when and how system capa-
bilities will be incorporated into the system prototypes. The Develop Software Development Plan

.... t"ask-define-Tthe-methods-tbe-ursed during software development: The Develop Pteliminariy
Usability Plan subtask incorporates the lessons learned from the Analyze Desired Operational Ca-
pabilities task and outlines objectives to ensure that the system's user interface meets the needs of
the end user. The Develop Prototype Plan subtask defines the approach for building a_-d evaluating
the initial system prototypes.

The validations performed within the Develop Plans task are successful internal reviews of the In-
cremental Build Plan, Software Development Plan, Usability Plan and Prototype Plans developed
during this task. [he reviews ensure the quality and completeness of each of these plans.

The exit criteria for the Develop Plans task is the completion of the described plans.
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Inputs Preliminary System Analysis Phase Outputs

Entry I I Exit
Criteria I Develop Plans I Criteria

------------- ------------------- I ------------
-Completed I Tasks I-Completed I

--- >1 Definitizedl ------------------ + Plans I->
l.Statement ofi Mission I I*Develop Prel. I I ll.Incremental
Work Statement Incremental Build Plan

2.Guidelines and Prel. Build Plan (Prel)
& Standards Operationall I*Develop I2.Softwaie

3.Mission Need I I Software Dev. I Dev. Plan
Statement I I Plan I I 13.Usability
(Def) I I*Develop Prel. I I I Plan (Prel)

4.Operational I I Usability Plan I I j4.Prototyping
Need (Prel) I I*Develop I I I Plan

5.Operational Prototype Plan I I (Initial)
Concept for Initial
(Prel) +-> System Proto. j-+

LI I I

I ~ 11---- --------------

Validations

SI*Successful

Internal Reviewl11
of All Plans

Developed

I I I

I+-------------------I
-- -- - -- - -- - -- - -- - -- - ---------------

Fiur 5. Develope Pln PrcesMoe

I P MII I I+

Figure 5. Develop Plans Process Model
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Perform Preliminary Application Blueprinting Process Model

The process model for the Perform Preliminary Application Blueprinting task is shown in
Figure 6 on page 21

The entry criteria for this activity is a completed definitized Mission Statement and preliminary
Operational Need. The exit criteria of the Analyze Desired Operational Capabilities task satisfies
the entrance criteria for this task. The inputs, as shown in the figure, are created during the Analyze
Desired Operational Capabilities task.

The subtasks performed during the Perform Preliminary Application Blueprinting task are:

• Formalize Domain

* Perform Preliminary Domain Analysis

* Perform Cost/Benefit of Generic Application

* Develop Preliminary Generic/Specific High Level Architecture and

* Develop Initial Prototype Capabilities.

The Formalize Domain subtask establishes the definition and scope of the system domain. The
Perform CostiBenefit of Generic Application subtask justifies whether or not..&genci application
blueprint should be developed. The Perform Preliminary Domain Analysis subtask identifies the
common characteristics and capabilities among systems with the same domain. The Develop Pre-
liminary Generic.'Specific High Level Architecture subtask defines the framework for integrating
system components. The Develop Initial Prototype Capabilities subtask defines the capabilities to
be developed in the initial system prototype(s).

The validations performed within the Perform Preliminary Application Blueprinting task include
successful internal reviews of the formalized domain, high level architecture and initial prototype
capabilities. The internal review of the formalized domain, performed during the Formalize Do-
main subtask, ensures that the problem domain is well bounded and understood. The internal re-
view of the high level architecture, performed during the Develop Preliminary Generic/Specific High
Level Architecture subtask and the internal review of initial prototype capabilities, performed during
the Develop Initial Prototype Capabiltieis subtask, ensure that architecture and initial prototype
comply with the objectives outlined in the Incremental Build Plan and Protoyping Plan.

The e:t criteria for the Perform Preliminary Application Blueprinting task is the completion of the
preliminary application blueprint which includes the creation of the outputs shown in the process
model figure.
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Inputs Preliminary System Analysis Phase Outputs

------------------------------------------------------
Entry IPerform Preliminary I Exit I

ICriteria IAppl. Blueprinting ICriteria
+-------- ---------------------- -------------
I-Completed I Tasks I-Completed 1

----------- >1 Definitizedl ------------------ ~ I Preliminaryl ------I.Mission I Mission II*Formalize II Applicationll.Operational
Statement I Statement 1 I1 Domain II Blueprint I Concept
(Def) I and Prel. I I*Perform II I (Prel)

2.Operational I Qperationall I Cost/Benefit I I 2.Prototype
Need (Prel) I Need I I of Generic I I Capabilities

I I I Application II I (Initial)
II I*Perform Prel. I I I

I I Domain Analysisl I III I*Develop Prel. I II
I I Gen/Specific I II
I I iHigh Level I I I

I i-> Architecture I-+II
1 11 II Develop Initiall 11I
I 1L A rqtotype -- -- 1 - 1--__
I II I ~Capabilities JJ

11 I*S c e s u 1 11
I I Intra Re ie 11

11 I*S c e s u 1 11

Domai I II
II*SccsIu I II

I Intra R ie II

I+------------------I
11+-----------------------------
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Assemble Environment Process Model

The process model for the Assemble Environment task shown in Figure 7 on page 23

The entry criteria for this activity is a completed definitized Mission Statement and preliminary
Operational Need. The exit criteria of the Analyze Desired Operational Capabilities task satisfies
the entrance criteria for this task. The inputs, as shown in the figure are either received from the
customer or are created by the tasks and subtasks of the Preliminary System Analysis Phase.

The subtasks performed during the Assemble Environment task are:

* Specify Environment Capabilities

" Map Environment Capabilities to lardware/Software

* Develop Procedures

" Implement Environment and

* Test Environment.

The Specify Environment Capabilities subtask identifies the capabilities that the base environment
must have inorder to build the system. The Map Capabilities to HardwareiSoftware subtask selects

--- the Ilardwam, Software thai willsatisf- ach of h,-zcapabililies needed in the irnnmt The
Develop Procedures subtask defines the procedures for environment operation. The Implement
Environment subtask builds the environment, maximizing reuse. This includes using commercial
tools where applicable. The Test Environment subtask verifies that the Environment capabilities
are satisfied and that they work properly.

The validations performed within the Assemble Environment task include a successful internal re-
view of environment capabilities and procedures and a successful test of the instantiated environ-
ment. The internal review of environment capabilities, performed during the Specify Environment
Capabilities subtask ensures that the environment will be sufficient for system development. The
internal review of the environment procedures, performed during the Develop Procedures subtask,
ensures that they are sufficient for operating and maintaining the environmnet. The Test Envi-
ronment subtask verifies the existence and integrity of the environment capabilities.

The exit criteria for the Assemble Environment Task is an instantiated base environment complete
with operating procedures.

Note: As the project progresses, the capabilities of the environment may change as well. The en-
vironment should be adapted to the changing needs of the project throughout the life cycle. A
concious decision was made not to define a "Maintain Environment" task for each phase because
it appeared to detract from the major tasks of each phase.
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Inputs Preliminary System Analysis Phase Outputs

+-----------------------------------------------------

I Entry IAssemble Exit
ICriteria j Environment ICriteria

+-------- ---------------------- -------------
I-Completed ITasks I-Completed I

---------- >1 Definitizedl ------------------ I Environment! ------
1.Guidelines I Mission I *Specify I I Instanti- Il.Environment
& Standards IStatement I Environment Iation IInstantiation

2.Mission Iand Prel. I ICapabilities I II(11W/SW and
Statement IOperational! I*Map the I I I Procedures)
(Def) INeed I I Capabilities to! I I (Base)

3.Operational II I HW/SW I II
Need (Prel) II I*Develop I I I

I IEnvironment I I I
I I Procedures I II

I I*Implement the II
I I Environment I I
I+->*Test the H
11 1 Environment II
I I I

11 I*Scesu I
11I 1 Intra evel1

11 I*Scesu Iet 11
I I Caaiiis I I

I ------------------ I

-----------------------------------

Fiur ofAseml Environment Prcs NII I
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System Architecture Process Model
The process model for the System Architecture phase is shown in Figure 9 on page 26.

The entry criteria for this phase is the successful completion of the Pre-Prototyping Review. This
includes approval of all inputs by the customer team. The inputs, as shown in the figure. are cre-
ated by the Preliminary System Analysis phase.

The tasks performed during the System Architecture phase are:

* Assemble System Prototype

* Evaluate System Prototype

* Perform Expanded System Analysis

* Perform Pre-Productization Analysis.

The relationship between System Architecture tasks is shown in the figure below. For multiple
prototypes, many of these tasks would be performed concurrently for each prototype, until a full-
capability system prototype is developed.

f +---------------------------------------------------------------

--------- +-+ +---- -----
........... I I I ........... IPerform I I ...........

Pre- IlAssemblel lEvaluatel .System IPre-Prodl I PreProd
.Prototype.-->IlSystem +->lSystem +->.Prototype.->luctizat-l--- >. uctizat-.
Review lProto- I Proto- I .Review l ion I I ion

Iltype(s) I Itype I ........... lAnalysisl I Review
+ -------- + +----------+ I +---------- I

---------- I
I I I

--------- Expanded . IPerform I
.Prototype .<----+Expandedl I
.Capability. ISystem I I
.Review lAnalysisl
............ - --------- +

Figure 8. System Architecture

The Assemble System Prototype tasK builds incremental system prototypes (including protoypes
for alternative approaches), primarily fiom reusable components in the repository. Each incre-
mental prototype is part of the evolution of a full-capability system prototype, which is the last
prototype built by this phase. The Evaluate System Prototype task is the task which provides a
formal demonstration and evaluation of the incremental system prototype. During this task,
planned users of the system perform "hands-on" evaluations of the prototype. The Perform Ex-
panded System Analysis task defines the additional capabilities and planning required for the next
increment of the system prototype. The Perform Pre-Productization Analysis task defines the ap-
proach to building a productized system from the full-capability system prototype. The
definitization of the system definitions is also performed in this task.
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Two major validations are performed within the System Architecture phase: System Prototype
Review and Expanded Prototype Capability Review. The System Prototype Review provides a
validation of the results of the incremental system prototype evaluation. If the review is successful
and the incremental system prototype is considered to be a full-capability prototype, then the Per-
form Pre-Productization Analysis task is entered. If the review is successful and the incremental
system prototype is not considered to be a full-capability prototype, then the Perform Expanded
System Analysis task is entered. If the review is unsuccessful, then the Assemble System Prototype
task is re-entered to correct the prototype deficiencies.

The Expanded Prototype Capability Review provides a validation of the outputs created by the
Perform Expanded System Analysis task. If the review is successful, then the Assemble System
Prototype task is entered to build the next increment of the system prototype. If the review is un-
successful, then the Perform Expanded System Analysis task is re-entered to correct the identified
deficiencies.

The exit criteria for the System Architecture phase is the conducting of a successful Pre-
Productization Review. This includes the approval of all the outputs shown in the process model
figure. The outputs include definitized versions of the operational need and operational concept
and the required plans to allow the full-capability prototype to be productized. If the review is
unsuccessful, then the Perform Pre-Productization Analysis task is re-entered to correct the identi-
fied deficiencies.

The proces& models. for each.ofthe System Architecture tasks are described in the sbubgtio& e_- .
low.
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Inputs Phase Outputs

------------------------------------------------------

1 Entry I I Exit
I Criteria I System Architecture Criteria I
+----------- I----------------------I ----------
I-Successful I Tasks I-Successful I
->1 Pre-Proto- I ------------------ I Pre-Produc-I ------------>

l.Mission typing I I*Assemble I I tization Il.Operational
Statement I Review I I System I I Review I Need(Def)
(Def) I I I Prototype(s) I I 12.Operational

2.Operational I I I*Evaluate Systeml I I Concept(Def)
Need(Prel) I I I Prototype I I 13.System

3.Operational I I I*Perform Expanded I I Capabilities
Concept(Prel) I I System I (Def)

4.Protype I I I Analysis I 14.Full-Capabil-
Capabilities I*Perform Pre- I ity Prototype
(Initial) +-> Productization I-+ 5.Productiza-

5.Incremental I I Analysis I tion Plan
Build Plan I I I 6.System Test
(Prel) I I I Plan

6.Software Dev j _ _ .L. 7.System In-

Plan I I I stallation &
7.Usability I I I Acceptance

Plan(Prel) I ------------------ + 1 Plan
8.Prototyping I Validations 11 l8.Delivery Plan

Plan (Initial) 11 ------------------
9.Environment I 11 I*Successful I

Instantiation 11 System Prototype
(HW/SW/Pro- 1 Review I
cedures) 1+-I*Successful <-+I I
(Base) I Expanded Proto-j I

I type Capabilityl I
Review

Figure 9. System Archite~cture Process Model
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Assemble System Prototype Process Model

The process model for the Assemble System Prototype task is shown in Figure 10 on page 28.

The entry criteria for this task are either a successful Pre-Prototyping Review or an Expanded
Prototype Capability Review. If the entry criteria is a successful Pre-Prototyping Review, then this
is the first entry into this task, the inputs are created by the Preliminary System Analysis phase, and
they are used to assemble the initial system prototype. If the entry criteria is a successful Expanded
Prototype Capability Review, then the inputs to this task are created by the Expanded System
Analysis task and are used to assemble a subsequent expanded capabilities prototype or an alter-
native prototype, e.g., with different capabilities.

Note: Some of the inputs are marked as "(Prel or Exp)", i,e., preliminary or expanded. The pre-
liminary versions of the inputs are created by the Preliminary System Analysis phase. The ex-
panded versions are created by the Expanded System Analysis task.

The subtasks performed during this task are:

* Design System Prototype

* Build System Prototype

- * Test System Prototype.

The Design System Prototype subtask performs the system prototype design, with maximum use
of existing designs of reusable components. If new components need to be developed, or reusable
components need to be adapted, a component development request is generated. If new technology
needs to be developed, a new technology request is generated. As required, trade studies are also
performed, e.g., hardware,/software, size, capacity, performance. The Build System Prototype sub-
task integrates already existing reusable components, adapted components, and new components
into an incremental (initial or expanded) version of the system prototype. The Test System Pro-
totype subtask performs the internal testing of the system prototype in preparation for the Evaluate
System Prototype Task.

The validations performed within the Assemble System Prototype task are successful internal re-

views of prototype design, prototype test plan, and prototype evaluation plan. The internal review

of prototype design is performed within the Design System Prototype subtask to ensure that the
design satisfies the prototype capabilities, which are input to this subtask. This review is also in-
tended to ensure that all available reusable components have been identified. The internal reviews
of prototype test plan and evaluation plan are performed within the Build System Prototype sub-
task to ensure the quality and completeness of these plans.

The exit criteria for this task is the completion of the system prototype testing.

Note: Many of the outputs are marked as "(Init or Exp)", i,e., initial or expanded. The initial
versions of the outputs are the result of the creation and testing of the initial system prototype.
The expanded versions of the outputs are the result of the creation and testing of the expanded
system prototype.
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Inputs System Architecture Phase Outputs

+-----------------------------------------------------

Entry Assemble System Exit I
Criteria Prototype Criteria [

+----------- ------------------ -------------
I-Successful I Activities I-Completed I

----------- >1 Pre-Proto- ------------------ I System I--------- >

l.Mission I typing I I*Design System I Prototype il.System

Statement Review I I Prototype I Testing I Prototype

(Def) I 1+->*Build System I-+I I (Init or Exp)

2.Operational Or 11 1 Prototype 1 11 12.Prototype

Need (Prel 1 I*Test System 1 1I 1 Design

or Exp) I-Successful 11 1 Prototype 1 11 (Init or Exp)

3.Operational I Expanded H 1 1 H 13.Prototype

Concept(PrelI Prototypingl I 1 1I Test Plan

or Exp) Review 1[ (Init or Exp)

4.Protype 11 I4.Prototype
Capabilitiesl II Eval Plan

(Initial +------------------ 1 (Init or Exp)

or Exp) I Validations 11 I5.Trade Studies

5.Incremental -------------- "-..+ 1-____j6CmpnentDe-

-.Build Plan 11 j*Successful In- I 11 1 velopment Req

(Prel or Exp) 11 1 ternal Review 1 11 17.New Technolo-

6.Software DevI 11 I of Proto Designj 11 1 gy Request

Plan I I+-I*Successful In- <-+I

7.Usability ternal Review

Plan (Prel of Proto Test

or Exp) Plan

8.Prototyping I I*Successful In- I I
Plan (Initial ternal Review
or Exp) of Proto Eval

Plan

Figure 10. Assemble System Prototype Process Model
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Evaluate System Prototype Model

The process model for the Evaluate System Prototype task is shown in Figure 11 on page 30. The
entry criteria for this task is completion of testing of the system prototype by the Test System
Prototype subtask (of Assemble System Prototype task). The primary inputs are the system pro-
totype and the system prototype evaluation plan. These inputs are either the initial versions for the
first time through this task or expanded versions for subsequent times. The other inputs are pri-
marily for reference in support of the perfomance of this task.

The subtasks performed by this task are:

" Develop System Prototype Evaluation Material

* Conduct System Prototype Evaluation

* Create System Prototype Evaluation Results.

The Develop System Prototype Evaluation Material subtask produces material necessary to con-
duct the evaluation of the system prototype and to allow the users to understand the system pr .-
totype well enough evaluate it. This includes evaluation procedures and training and presentation
procedures (if needed). The Conduct System Prototype Evaluation subtask performs the actual
evaluation of the system prototype. This includes, as required, hands-on evaluation by planned
users and-monitoring of the users reactions _syemresonse. agnd performance durn the evlu-
ation. The Create Prototype Evaluation Results subtask produces a detailed description of the re-
sults of thu evaluation of the system prototype. This includes, as mentioned above, users reactions,
system responses, and performance during the evaluation.

The validations performed within this task are internal review of prototype evaluation material, dry
run of prototype evaluation, and feedback from all prototype evaluators. The internal review of
prototype evaluation material and dry run of prototype evaluation are performed within the De-
velop System Prototype Evaluation Material subtask to ensure the quality and completeness of the
material and the readiness of the evaluation team to conduct the prototype evaluation. The vali-
dation that feedback has been received from all prototype evaluators is performed within the Create
Prototype Evaluation Results subtask to ensure that the results produced will be complete and re-
flect the evaluations of all participants.

The exit criteria for this task is the completion of the system prototype evaluation. The major
output is the prototype Lvaluation results in determining the direction of subsequent prototyping.
The other outputs are actually used in support of the conduct of the system prototype evaluation.
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PROCESS MODEL

System Architecture Phase
Inputs Outputs

+-----------------------------------------------------

I Entry Evaluate System J Exit
Criteria Prototype i Criteria

+-------- ---------------------- -------------
I-Completed I Activities I-Completed I

----------- ->1 System I ------------------ I System I->
l.System I Prototype I I*Develop System I Prototype Il.Prototype
Prototype I Testing Prototype Evaluation Evaluation
(Init or Exp) Evaluation Results

2.Prototype I Material I2.Prototype
Eval Plan I I*Conduct System I I I Presentation
(Init or Exp) I Prototype I Material

3.Prototype I Evaluation I3.Prototype
Design I I*Create System I I Evaluation
(Init or Exp) Prototype Pjocedures

4.Prototype _ _ _ Evaluation
Test Plan I -> Results [-+ I
(Init or Exp) I I

5.Trade Studies I I
6.Mission I I

Statement i I
(Def) I i

7.Operational +------------------

Need (Prel Validations
or Exp) +------------------

8.Operational I I*Successful In- 1 1
Concept(PrelI 11 ternal Review
or Exp) of Proto Eval

9.Protype Material
Capabilitiesl 1 I*Successful Dry 1 11
(Init or 11 1 Run of System 1 11
Exp) I+-1 Proto Eval <-+I

10.Usability I I*Feedback Re- I I
Plan (Prel I I ceived From Al1 I
or Exp) I I Proto Evaluators I

12.Prototypingl
Plan (!nit
or Exp)

.I I | IN B H H iIIi•

I I +-------------------
+------------------------ ----------------------------

Fig-ure 11. Ev'aluate System Prototype Process %lodel
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Perform Expanded System Analysis Model

The process model for the Perform Expanded System Analysis task is shown in Figure 12 on page
32. The entry criteria for this task is completion of the System Prototype Evaluation review, during
which it was determined that additional prototypes (either expanded or alternatives) need to be
developed. The primary input is the system prototype evaluation results which are created by the
Evaluate System Prototype task and describe the results of the evaluation of the previous prototype.
The other inputs describe either the initial version of the system prototype, for the first time through
this task, or expanded versions, for subsequent times.

The subtasks performed by this task are:

* Analyze Prototype Evaluation Results

* Perform Expanded Application Blueprinting

* Develop Expanded Plans.

The Analyze System Prototype Evaluation Results subtask assesses the results of the system pro-
totype evaluation and review, in order to identify what additional capabilities need to be added to
the next system prototype to be developed. The Perform Expanded Application Blueprinting

subtask expands the preliminary application blueprinting, that was performed as part of the Pre-
liminary System Analysis p setoinclude the additional system prototv eaabilitics. The D

velop Expanded Plans subtasks refines the preliminary plans that were produced as part of the
Preliminary System Analysis phase, to reflect the development of additional capabilities for the ex-
panded system prototype.

The validations performed within this task are internal reviews of the expanded operational need.
operational concept, system prototype capabilities, and plans. The internal reviews of the expanded
operational need, operational concept, and system prototype capabilities are performed within the
Perform Expanded Application Blueprinting subtask to ensure the quality and completeness of
these outputs. The internal review o4 the expanded plans is performed within the Develop Ex-
panded Plans subtask to ensure that the plans are consistent with one another and are feasible.

The exit criteria for this task is the conducting of a successful Expanded Prototype Capability Re-
view. This includes the approval of all the outputs shown in the process model figure. As men-
tioned previously, if the review is unsuccessful, then the Perform Expanded System Analysis task
is re-entered to correct the identified deficiencies.
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System Architecture Phase

Inputs Outputs

+-----------------------------------------------------
Entry Perform Expanded Exit I

I Criteria Systems Analysis Criteria I
--------- ---------------------- -------------
I-Completed I Activities I-Successful I

->1 System I ------------------ I Expanded I --------- >

l.Prototype I Prototype I l*Analyze Proto I I System jl.Operational

Evaluation Evaluation I I Eval Results I I Capability I Need
Results I Review I I*Perform Expand-I I Review I (Expanded)

2.System I I I ed Applic Blue-I I 12.Operational
Prototype I I I printing I I I Concept

(Init or Exp) I+->*Develop Expand-I-+I i (Expanded)
3.Operational I ed Plans 13.Prototype

Need (Prel I Capabilities

or Exp) [ i (Expanded)
4.Operational [ I7.Incremental
Concept(Prel I I Build Plan
or Exp) ---------------- 11 (Expanded)

5.Prototype Validations 11 18.Usability
Capabilitiesl Pl------------------ 1 IPan
(Initial 11 I*Successful In- 1 11 (Expanded)
or Exp) ternal Review 1 lO.Prototyping

6.Prototype of Expanded Op I Plan
Design (Init +- Need/Concept <-+ (Expanded)

or Exp) I I*Successfal In- I I
7.Incremental ternal Review

Build Plan of Expended

(Prel or Expi I I Proto Capabili-I I
8.Usability I I I ties I I

Plan (Prel I I I*Successful In- I I
or Exp) I I I ternal Review I I

lO.Prototypingi of Expanded I I
Plan (Init Plans
or Exp)

Figure 12. Perform Expanded S~stem Analysis Process Mlodel
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Perform Pre-Productization Analysis Model

The process model for the Perform Pre-Productization Analysis task is shown in Figure 13 on page
34. The entry criteria for this task is completion of the System Prototype Evaluation review, during
which it is determined that the current system prototype is a full-capability prototype. The primary
inputs are the system prototype evaluation results and the expanded descriptions and plans for the
system and the full-capability prototype.

The subtasks performed by this task are:

* Analyze Prototype Evaluation Results

* Develop Defmitized System Definitions

0 Develop Productization Approach

* Develop Definitized Plans.

The Analyze System Prototype Evaluation Results subtask assesses the results of the system pro-
*otype evaluation and review, in order to identify what additional capabilities need to be added to
the productized system to be developed. The Develop Definitized System Definitions subtask cre-
ates definitized versions of the operational need, operational concept, and system capabilities. The

_ Develop Productization Approach subtask defines the strategies for performing the productization
of the'f-ul-capalityprotot-- .--T -De--l0pDefinitized Plans subtask produs pa ff to support
productization, test, acceptance, and delivery of the system.

The validations performed within this task are internal reviews of the definitized operational need,
operational concept, system capabilities, and plans. The internal reviews of the definitized opera-
tional need, operational concept, and system capabilities are performed to ensure the quality and
completeness of the productized system as reflected in these products. The internal review of the
definitized plans is performed to ensure that the plans are consistent with one another and are fea-
sible.

The exit criteria for this task is the conducting of a successful Pre-Productization Review. This
includes the approval of all the outputs shown in the process model figure. The outputs include
definitized versions of the operational need and operational concept and the required plans to allow
the full-capability prototype to be productized. As mentioned previously, if the review is unsuc-
cessful. then the Perform Pre-Productization Analysis task is re-entered to correct the identified
deficiencies.
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System Architecture Phase
Inputs Outputs

+--------------------------------------------------
Entry Perform Pre-Produc- Exit
Criteria tization Analysis Criteria

------------- --I---------------- ------------

I-Successful I Activities I-Successful I
---- --- >1 System I ------------------ I Pre-Produc-I ------------>
l.Prototype I Prototype I I*Analyze Proto I I tization ll.Operational
Evaluation I Review I I Eval Results I I Review I Need(Def)
Results I I I*Develop Defini-I I 12.Operational

2.Mission I I tized System I I I Concept(Def)
Statement I I Definitions I I 13.System

(Def) I I+->*Develop Pro- I-+I I Capabilities
3.Operational 1 I 1 ductization 1 11 1 (Def)
Need 1 11 1 Approach 1 11 14.Productiza-
(Expanded) 1 11 l'Develop Defini-I 1 tion Plan

4.Operational 1 11 1 tized Plans 1 11 15.Full-
Concept 1 I 1 1 1 1 Capability
(Expanded) 1 11 ------------------ 1I 1 Prototype

5.Prote Validations I _System Test

Capabilitiesi II +-- --------- 1 Plan

(Expanded) 1 1 I*Successful In- 1 11 7.System In-
6.Prototype 1 ternal Review of 11 stallation &

Design 1 Definitized I Acceptance
(Expanded) 1 System Defini- f Plan

7.1ncremental j+-I tions <-+1 8.Delivery Plan
Build Plan I I*Successful In- I I
(Expanded) ternal Review

8.Usability of Definitized
Plan Plans
(Expanded)

9.Prototyping
Plan
(Expanded)

10.Full-

Capability
Prototype

- - .---------------

Figure 13. Perform Pre-Productization Analysis Proces Model
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Software Growing Process Model
The process model for the Software Growing Process phase is shown in Figure 15 on page 37.

The entry criteria for this phase is the receipt of either a Component Development Request or New
Technology Request. These inputs are the primary inputs to the Software Growing phase. They
are either from the Preliminary System Analysis phase, for early (in the life cycle) requests for
component and new technology development, or from the System Architecture phase or Develop
New Technology task (within Software Growing) for later requests. Component Development
Request can also be received from the Productization and Production phase. The other inputs are
primarily for reference in support of the of the associated request.

Note: Some of the inputs are marked as "(Prel or Exp)" or "(Init or Exp)". The Prel (preliminary)
or Init (initial) versions of the inputs are created by the Preliminary System Analysis phase. The
Exp (expanded) versions are created by the System Architecture phase.

The tasks performed during the Software Growing phase are:

* Develop Component Prototype(s)

* Evaluate Component Prototype

* Productize Component Prototype

* Perform Component Test and Acceptance

* Develop New Technology.

The relationship between Software Growing tasks is shown in the figure below. For multiple
components, many of these tasks would be performed concurrently for each component prototype,
until productized (reusable) components are developed.

+-------------------------------------------------------------------------------------+

+-------+ +----------- ----------- ----------- +1
II II I ........... I I Perform I I
I iDevelop I lEvaluate I .Component. IProductize lComponenti

----- >iComponent+-->IComponent+-->.Prototype.-->lComponent+--->ITest & I --->
I Prototypel iPrototypel .Review IPrototypel lAccept- I

I I I I I ........... I I lance I I
I+-------+ ----------- + ----------- + +-----------

I I I -- - - - - - - - - - --I I I
I I I

I I ---------------- +
I I I

II I
I +-- I Develop I

I New
.--------- >1 Technology I

I I I
I +--------------+

+-------------------------------------------------------------------------------------+

Figure 14. Software Growing Process Model
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The Develop Component Prototype task, upon receipt of Component Development Request(s),
builds incremental component prototypes (including protoypes for alternative approaches), with
maximum use of reusable components in the repository. Each incremental prototype is part of the
evolution of a full-capability component prototype. The Evaluate Component Prototype task
provides a formal demonstration and evaluation of the incremental component prototype. During
this task, planned users of the component perform "hands-on" evaluations of the prototype. The
Perform Expanded Component Analysis task defines the additional capabilities and planning re-
quired for the next increment of the component prototype. The Productize Component Prototype
task converts the full-capability component prototype into a productized component. The
defmitization of the component capabilities and design is also performed in this task. The Perform
Component Test and Acceptance task accomplishes the required verifications of the component
prior to entry as a reusable component into the repository.

Note: To allow early use of components to assemble a system prototype within the System Ar-
chitecture phase, intermediate versions of component prototypes, developed in the Software
Growing phase, can be added to the repository.

The Develop New Technology task, upon receipt of the New Technology Request, performs the
required analysis, research, and experimentation to develop the requested technology. When a
technology is developed to the point where the associated component can be built, a Component
Development Request is generated.

_The man ir validaticuin4x)_ed.-within the S _fmare Growing phase i% the Cnmpnnt Pr tLype_
Review. This review provides a validation of the results of the incremental component prototype
evaluation. If the review is successful and the incremental Component prototype is considered to
be a full-capability prototype, then the Productize Component Prototype task is entered. If the
review is successful and the incremental Component prototype is not considered to be a full-
capability prototype, then the Develop Component Prototype task is re-entered to build the next
increment of the component prototype. If the review is unsuccessful, then the Develop Component
Prototype task is re-entered to correct the prototype deficiencies.

The exit criteria for the Software Growing phase is the conducting of a successful component test
and acceptance. This includes the approval of all the outputs shown in the process model figure.
The outputs include definitized versions of the component capabilities and design. If the compo-
nent test and acceptance is unsuccessful, the Productize Component Prototype task is re-entered
to correct the identified deficiencies.

The process models for each of the Software Growing tasks are described in the subsections below.
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Inputs Phase Outputs

+-----------------------------------------------------

j Entry I I Exit
ICriteria I Software Growing I Criteria

+----------- I----------------------I ----------
I-Receipt of ITasks )-Successful I

------ ->1 Component I ------------------ I Component I ------
l.Component I Development! I*Develop I I Acceptance Il.Reusable
Development I Request I I Component I I and I Component
Request(s) I I I Prototype(s) I I Delivery toI2.Component

2.New I Or II*Evaluate I I Repository I Capabilities
Technology I I I Component I I I (Def)
Request(s) I-Receipt of I I Prototype I I I3.Component

3.Operational I New Techno-j I*Productize I I I Design
Concept I logy Request I Component I I I (Def)
(Prel or Exp) I I Prototype I II

4.Protype I I L'*Perform I II
Capabilities! I I Component I I
(Init or Exp) I ITest and I

5.Incremental I IAcceptance III
_ Build Plan 1) qt~edp e --

(Prel or Exp) 11 Technology II
____.6._Software Devi I1 1 1 11 1

Plan IIII
7.Usability I III

Plan IIII
(Prel or Exp) IIII

8.Prototyping 1 1+------------------1
Plan 1 11 Validations II
(Init or Exp) 1I ------------------ II1

11 I*Successful Re- 1 11
IIview of Comp II
J-Prototype <~
I IEvaluation II

--- --- -- --- --
I I I I-- - -- - - -- - - -- - -- - - -- - -
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Develop Component Prototype Process Model

The process model for the Develop Component Prototype task is shown in Figure 16 on page
39.

The entry criteria for this task is ;zithcr receipt of Component Development Request(s) or receipt
of component prototype evaluation results. If the entry criteria is receipt of a Component Devel-
opment Request, then this is the first entry into this task to develop the requested component and
an initial component prototype needs to be built. If the entry criteria is receipt of component
prototype evaluation results, then a Component Prototype Review has determined that either an
expanded capabilities component prototype needs to be built or deficiencies in the previous com-
ponent prototype need to be corrccted. The other inputs (i.e., in addition to Component Devel-
opment Requests and component prototype evaluation results) are supporting information, created
in other phases and used primarily for reference in support of component prototype development.

The subtasks performed during this task are:

* Design Component Prototype

* Develop Component Plans

* Build Component Prototype

. .._-. r 1-tOmpOn t -to1 t -

The Design Component Prototype subtask specifies the component prototype capabilities and
performs the component prototype design, with maximum use of existing reusable components.
As required, trade studies are performed, e.g., size, capacity, performance. If new technology needs
to be developed, a New Technology Request is generated. The Develop Component Plans subtask
creates the component build plan, along with the component prototype test and evaluation plans.
The Build Component Prototype subtask creates an incremental (initial or expanded) version of the
component prototype. This is accomplished by developing new components, adapting already ex-
isting reusable components, and/or using already existing lower level reusable components (if
available). The Test Component Prototype subtask performs the internal testing of the component
prototype in preparation for the Evaluate Component Prototype Task.

The validations performed within the Develop Component Prototype task are successful internal
reviews of component prototype capabilities and design, build plan, test plan, and evaluation plan.
The internal review of component prototype capabilities and design is performed within the Design
Component Prototype subtask to ensure that the design satisfies the prototype capabilities. This
review is also intended to ensure that all available reusable lower level components have been
identified. The internal reviews of component prototype test and evaluation plans are performed
within the Develop Component Plans subtask to ensure the quality and completeness of these
plans.

The exit criteria for this task is the completion of the component prototype testing.

Note: Many of the outputs are marked as "(lnit or Exp)", i,e., initial or expanded. The initial
versions of the outputs are the result of the creation and testing of the initial component prototype.
The expanded versions of the outputs are the result of the creation and testing of the expanded
component prototype.
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Software Growing Phase
Inputs Outputs

----------------------------------------------------------

Entry Develop Component Exit
Criteria Prototype Criteria

+--------- ---------------------- -------------
I-Receipt of I Tasks I-Completed I

->1 Component I ------------------ I Component I-------- >
l.Component I Developmentl l*Design I I Prototype Il.Component
Development I Request I I Component I Testing I Prototype
Request(s) I I I Prototype I - (Init or Exp)

2.Operational or I*Build I 12.Component
Concept I I Component I I Prototype
(Prel or Exp)-Receipt of 1 I Prototype I I Capabilities

3.Prototype I Component I l*Develop I I I (Init or Exp)
Capabilitiesl Prototype I+-> Component -+ ,3.Component
(Init or Exp) Evaluation 1I 1 Plans j Prototype

4.Incremental I Results II I*Test 1 1 Design
Build Plan I I 1 Component I I I (Init or Exp)
(Prel or Exp) I Prototype I 11 14.Component

5. Software Devl L _ _I I _ uild
Plan I I-- -F . Plan

6.Usability .------------------ (Init or Exp)
Plan I Validations 1I I5.Component
(Prel or Exp) 1 +-------------------I Prototype

7.Prototyping I I*Successful In- 1I I Test Plan
Plan I ternal Review I I (Init or Exp)
(Init or Expl 11 of Component I I 6.Component

I+-I Prototype <-+I Prototype
Capabilities Eval Plan
and Design (Init or Exp)

I I*Successful In- I I
ternal Reviews

I Iof Component
IBuild Plan

I I*Successful In- I I
ternal Reviews
of Component
Prototype
Test Plan

I I*Successful In- I I
ternal Review
of Component
Prototype
Eval Plan

I I +--------------------

----------------------------------------------------------

Figure 16. Develop Component Prototype Process Model
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II

Evaluate Component Prototype Model

The process model for the Evaluate Component Prototype task is shown in Figure 17 on page
41.

The entry criteria for this task is completion of testing of the component prototype by the Test
Component Prototype subtask (of Develop Component Prototype task). The primary inputs are
the component prototype and the component prototype evaluation plan. These inputs are either
the initial versions for the first time through this task or expanded versions for subsequent times.
The other inputs are primarily for reference in support of the perfomance of this task.

The subtasks performed during this task are:

" Develop Component Prototype Evaluation Material

* Conduct Component Prototype Evaluation

* Create Component Prototype Evaluation Results.

The Develop Component Prototype Evaluation Material subtask produces material necessary to
conduct the evaluation of the component prototype and allow the participants to understand the
Component prototype well enough to evaluate it. This includes evaluation procedures and pres-
entation and training material (if needed). The Conduct Component Prototype Evaluation subtask
pcrftoms thE --tual elt e cmponent prototype-Thi: -"Tc- -'eidfe,
evaluation by planned users and monitoring of the users reactions, component responses, and per-
formance during the evaluation. The Create Prototype Evaluation Results subtask produces a de-
tailed description of the results of the evaluation of the component prototype.

The validatiori performed within this task are internal review of prototype evaluation maierial, dry
run of prototype evaluation, and feedback from all prototype evaluators. The internal review of
prototype evaluation material and dry run of prototype evaluation are performed within the De-
velop Component Prototype Evaluation Material subtask to ensure the quality and completeness
of the material and the readiness of the evaluation team to conduct the prototype evaluation. The
validation that feedback has been received from all prototype evaluators is performed within the
Create Component Prototype Evaluation Results subtask to ensure that the results produced will
be complete and reflect the evaluations of all participants.

The exit criteria for this task is the completion of the component prototype evaluation. The major
output is the prototype evaluation results, which is used by the Develop Component Prototype
subtask to determine the direction of subsequent prototyping. The other outputs are actually used
in support of the conduct of the component prototype evaluation.
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Software Growing Phase
Inputs Outputs

--------------------------------------------------

Entry Evaluate Component I Exit I
Criteria Prototype Criteria I

+--------- ---------------------- -------------
[-Completed Tasks I-Completed I

S--->1 Component I ------------------ + I Component --------- >
l.Component I Prototype I I*Develop Comp I I Prototype l.Component

Prototype I Testing I I Prototype I I Evaluation I Prototype
(Init) Evaluation Evaluation

3.Component Material Results
Prototype I I*Conduct Comp I I 12.Component
Eval Plan I I Prototype I I I Prototype
(Init or Expi I I Evaluation I I I Presentation

4.Component I I*Create Comp I I I Material
Prototype I I Prototype I I 13.Component
Build Plan I+-> Evaluation I-+ Prototype
(Init or Expi 11 Results I Evaluation

5.Component I I Procedures
Prototype pe _II .IL- .--
Capabilities - I I
(Init or Expl I I

6.Component ------------------ +

Prototype Validations

Design ------------------ +

(Init or Expj 11 l*Successful In-
7.Component I ternal Review I I

Prototype [ of Comp Proto I [
Test Plan I Eval Material I
(Init or Expl I+-I*Successful Dry <-+I

I I I Run of Comp I I
I I Proto Evaluation I

I I l*Feedback Re- I
ceived From Alli I
Proto Evaluators

Figure 17. Evaluate Component Prototype Process Nlodel
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Productize Component Prototype

The process model for the Productize Component Prototype task is shown in Figure 18 on page
43.

The entry criteria for this task is completion of the Component Prototype Evaluation review, dur-
ing which it was determined that the current Component prototype is a full-capability prototype.
The primary inputs are the component prototype evaluation results, the expanded descriptions and
plans for the Component, and the full-capability prototype.

The subtasks performed during this task are:

* Analyze Component Prototype Evaluation Results

9 Develop Definitized Component Definitions

* Build Productized Component

* Develop Component Test and Acceptance Plans.

The Analy-ze Component Prototype Evaluation Results subtask assesses the results of the compo-
nent prototype evaluation and review, in order to identify what additional capabilities need to be
added to the productized component to be developed. The Develop Defmitized Component Defi-
- -itions- subtask -creates defmitized-versions of -thi'componernt-t pabiitics -and-design.-The -Build

Productized Component subtask converts the full-capability component prototype into a
productized, reusable component. The Develop Component Test and Acceptance Plan produces
plans to support test and acceptance of the productized component.

The validations performed within this task are internal reviews of the definitized capabilities and
design and component test and acceptance plan, and internal testing of the the productized com-
ponent. The internal reviews of the definitized component capabilities and design are performed
to ensure the quality and completeness of the productized component as reflected in these products.
The internal review of the component test and acceptance plan is performed to ensure that the plan
is complete and is consistent with established standards. The internal testing of the the productized
component is performed in preparation for formal component test and acceptance.

The exit criteria for this task is the completion of component productization. This includes the
creation of all the outputs shown in the process model figure. The outputs include productized
component, definitized version. of component capabilities and design, and component test and
acceptance plans.
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Software Growing Phase
Inputs Outputs

+ -------------------------------------------------- +

I Entry Productize Component Exit I
Criteria Prototype Criteria

+------------- --------------- --.--------- +

- - >I-Completed I ------------------ I-Completion - >
l.Component I Component I j*Analyze I of Compo- Il.Component
Prototype I Prototype I I Component I I nent Pro- I Capabilities
Evaluation I Evaluation I I Prototype I I ductizationi (Definitized)
Results I Review I I Eval Results I I 12.Component

2.Component I I *Develop I I I Design
Prototype I I I Definitized I I I (Definitized)
(Full-Cap) I I I Component I I 13.Component

3.Component I I I Definitions I I I Test and
Prototype I I I*Build Produc- I Acceptance
Capabilitiesi I I tized Componentl I I Plans

4.Component I l+->*Develop Compo- 1-+I 14.Productized
Prototype nent Test and I Component
Design Acceptance Plans II

5.Component _J .. .
Build Plan

6.Component
Development
Request

7.Software Devj
Plan I

8.Usability +------------------

Plan I Validations
(Prel or Expi +-- ------------------

11 I*Successful In- I 1
1 I ternal Review ]
1 I of Definitized ]
+- Component <-+

Definitions I
I I*Successful In- I I

ternal Review I
of Component I
Test & Acceptance
Plans I
*I ISuccessful In- I I
ternal Testing
of Productized
Component

I -------------------
----------------------------------------------------------

Figure 18. Productize Component Prototype Process Model
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Perform Component Test and Acceptance

The process model for the Perform Component Test and Acceptance task is shown in Figure 19
on page 45.

The entry criteria for this task is completion of the component productization, i.e., a productized
component is ready to be tested. The inputs include the productized component, and its associated
component capabilities and design and component test and acceptance plan.

The subtasks performed during this task are:

* Perform Component Testing

* Perform Component Acceptance

* Deliver Prototype to Repository.

The Perform Component Testing subtask verifies the existence and integrity of component capa-
bilities. The Perform Component Acceptance subtask determines, via component fltering, whether
the component meets the established standards for reusability. The Deliver Component subtask
ensures that the productized component and all supporting material have been delivered for storage
in the repository.

....... ithidMTofmmedaskiscssfu-ctmpletinnf nt't .

The exit criteria for this task is successful completion of componert acceptance and dcliverye of the
productized component to the repository. This makes it available to the System Architecture phase
for integration into a system prototype. The outputs include the productized component,
definitized versions of component capabilities and design, and component test and acceptance
plans.
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Software Growing Phase
Inputs Outputs

----------------------------------------------------------

I Entry I Perform Component I Exit
ICriteria Test and Acceptance Criteria

+-------- ---------------------- -------------
------- >1-Completion I +------------------- I-Successful I---------->
l.Productized I of Component I*Perform I I Component Il.Productized.

Component I Productiza-I I Component I I Acceptance I Component
2.Component I tion I I Testing I I and 12.Component

Capabilities i I I*Perform I I Delivery tol Capabilities
(Definitized) I I Component I I Repository I (Definitized)

3.Component I I I Acceptance I I 13.Component
Design II I (Filtering) I I I Design
(Definitized) I V*Deliver I I I (Definitized)

4.Component I I I Component to I I 14.Component
Test and III Repository IIITest and
Acceptance IIII Acceptance
Plan II II I Plan

I II
>I II I

---- --- ---- ---

I+-------------------I
--- --- --- --- ---II- --+---------------------- 
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Develop New Technology

The process model for the Develop New Technology task is shown in Figure 20 on page 47. The
entry criteria for this phase is the receipt of New Technology Request(s). These requests are either
from the Preliminary System Analysis phase, for early (in the life cycle) requests for new technol-
ogy, or from the System Architecture phase for later requests. The other inputs are primarily for
reference in support of development of the new technology.

The subtasks performed during this task are:

* Analyze Technology Base

* Perform Concept Definitions

* Perform Trade Studies

* Perform Pre-Prototype Experimentation

* Develop Conceptual Prototpes

• Perform Basic Research

* Perform Breakthrough Initiatives

The Analyze Technology Base subtask evaluates the current state-of-art to determine to what extent
existing technology can meet the request for new technology development. The Perform Concept
Definitions subtask defines the concepts, including alternative ones, needed to develop the new
technology. The Perform Trade Studies subt, ;k performs technology trade studies to determine
what directions the new technology will take. The Perform Pre-Prototype Experimentation subtask
provides early experimentation with the new technologies prior to building conceptual prototypes.
The Develop Conceptual Prototypes subtasks builds conceptual prototypes to allow hands-on
evaluation of the new technology being developed. The Perform Basic Research subtask provides
long term research as required, to allow more fundamental underlying technologies to be developed.
The Perform Breakthrough Initiatives subtask provides long term development of innovative ideas
that have the potential for providing significant improvements to the system being developed, e.g.,
performance or cost.

The validations performed within this task are not defined at this time.

The exit criteria for this task is the development of the requested technology, to a level of maturity
where a Component Development Request can be generated to allow the corresponding compo-
1Acnt to be built. The outputs, in addition to the Component Development Request, includes the
various findings associated with the new technology development.
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Software Growing Phase
Inputs Outputs

+-------------------------------------------------------

I Entry IDevelop New Technologyj Exit I
I Criteria I Criteria I

+------------ I----------------------I ----------
I-Receipt of I Tasks I-Completion I

------------ >1 New Techno-I +------------------ I of Tech- I>
l.New I logy Request j*Analyze I I nology -Il.Component

Technology I I I Technology I I DevelopmentI Development
Request(s) I I I Base I I I Request(s)

2.Mission I I*Perform Concepti I 12.Trade Studies
Statement I I Definitions I I 13.Research

3.Operational I I*Perform Tech I I I Papers
Need I I Trade Studies I I 14.Breakthrough

4.Operational I I*Perform Pre- I I I Recommenda-
Concept I I Prototype I I I tions

I I Experimentation I I
I I*Develop Concep-j I

I tual Prototpes

I+-> Research -+
1 I*Perform Break- 1 1I

through
Initiatives

Validations

1 I*TBD

I I -- -- -- -- -- --
+-<------------

I-..-1..------.------ ....... I_.._...

Figure 20. Develop New Tenology Process Model
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Productization and Production Process Model
The process model for the Productization and Production Phase is shown in Figure 22 on page
49.

The entry criteria for this phase is the succesful completion of the Pre-Productization Review. This
includes approval of all inputs by the customer team. The inputs, as shown in the fugure, are cre-
ated by the System Architecture Phase.

The tasks performed during the Productization and Production Phase are:

" Productize Full-Capability System Prototype

* Test Productized System

* Run Acceptance Test of System and

* Deliver System(s).

The relationship between Productization and Production tasks is shown in the figure below.

Productization and Production

____+-------------------------------------------- ---------------------------

+------- + ------------- + ------------ ----------- +

. . . . . . . . . . . . I

.Preprod- . I Productizel I Test I I Run I I Deliver I

.uctization.--> Full-Cap 1->IProductizedl->IAcceptancel->ISystem(s)I ------ >

.Review 1 System I I System I I Test I I I

............ Prototypel I I I I I I
II I I1+--- + ...........--- +------+ +------------+

----------------------------------------------------------------------

Figure 21. Productization and Production Tasks

The Productize Full-Capability System Prototype task converts the full-capability system prototype
into a fully operational (productized) system. Existing reusable components are adapted and new
components are developed as required. The Test Productized System task verifies the existence and
integrity of thc operational capabilities. The Run Acceptance Test of the System task demonstrates
the system to the customer team for delivery approval. The Deliver System(s) task deploys systems
at each of the customer sites.

The validations performed within the Productization and Production phase include a successful
internal review of the system operation and support procedures, a successful system test, and cus-
tomer acceptance of the operational system. The internal review of the system operation and sup-
port procedures, performed during the Productize Full-Capability System Prototype task, ensures
that the defined procedures are sufficient to operate and support the system. The system test, per-
formed during the Test System task, verifies the existence and integrity of the operational system
capabilities. Customer acceptance of the operational system, occurs as the result of successful
completion of the Run Acceptance Test of the System task.
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The exit criteria for the Productization and Production Phase is the successful delivery of the
productized system to the customer site(s). The outputs of this task include the operational system
and its operation and support procedures, and the defiitized system design.

Inpus-------------------------------------------------------Otps

I Entry I Productization I Exit
Criteria Iand Production Phase I

-------- ------------------- I-------
I-Successful I Tasks I-Delivery I

------ ->1 Pre-Produc-j ------------------ I of System(s) ------
I.Mission Itization I I*Productize I I Il.System

Statement IReview I I Full-CapAbilityl I I (Operational)
(Def) II I System Prototype I 12.System Oper.

2.Operational I I*lTest I I I and Support
Need (Def) II I Productized I I I Procedures

3.Operational I I I System I I 13.System Design
Concept (Def) I I*Run Acceptance I I I (Def)

4.System I I I Test of System II
Capabilitiesi I l*Deliver II
(Def) II System(s) II

Prototype +J-+
6.Productiza-I III
tion Plan IIH

7.System Test III I
Plan iIII

8.System I IIII
Installationi IIII
& Acceptancej IIII
Plan IIIIII

9.Delivery Plan IIIII
I 1---------------1
I II Validations I

---------------- 1
11 I*Successful I I

II. I Internal Reviewl 11
I ~ j i of System IH

11 Operation and II
I II1I Support Proc. II
I I11 I*Successful II
I ~I+-I System Test <~
I I I*Successful I I

I I CustomerI I
I I Acceptance II

I I II II
I I +------------------1I

------------------------------------------------------

Figure 22. Productization and Production Process Model

SFLC Process Model 49



System Operation and Support Process Model
The process model for the.System Operation and Support Phase is shown in Figure 24 on page
51.

The entry criteria for this phase is the successful delivery of the system at the customer site(s). The
inputs, as shown in the figure, are created during the Productization and Production Phase.

The tasks performed during the System Operation and Support Phase are:

* Operate System

* Maintain System and

* Identify New Operational Capabilites.

The relationship between System Operation and Support tasks are shown in the figure below.

System Operation and Support

------------------------------------------------------
I I

--- -- -- -----------

II II I
I Operate I

----------->1 System ----------- >( II II II
I II II
I I +---------------

I III I +---------------

I Maintain I
S.--------- >1 System I -------- >1 II II II I

+--------------I II

I I +---------------

I Identify I
------------- >1 New I --------- >

IOper. Cap. II I
II II

+--------------

+-----------------------------------------------------

Figure 23. System Operation and Support Tasks

The Operate System task includes the operation and use of the system at customer sites. The
Maintain System task provides support for the operation of system and provides upgrades to system
capabilities when necessary. The Identify New Operational Capabilities task periodically analyzes
the existing system and makes recommendations for new operational capabilities.
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The exit criteria for the System Operation and Support Phase is the termination of System Opera-
tion.

Inputs Outputs

----------------------------------------------------------

Entry System Operation Exit ]
Criteria and Support Phase Criteria I

+--------- ---------------------- -------------
I-Successful I Tasks I-Terminationl

------------ >1 System + ------------------ I of System I->
1.System I Delivery I I*Operate System I I Operation 1.Operational
(Operational)l I P*Maintain Systeml I I Capabilities

2.System I I I*Identify New I I (New)
Operation Operational
& Support Capabilities
Procedures

3.System
Capabilities I I I I

4.System
Design

-------- ~- -------

Validations ]
I II I I

[ I I I
I II I I

I II ~-------------------- II

I ---------------- 1

Figure 24. System Operation and Support Process Model
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Major Work Products of the SFLC Phases
This section identifies the major input, output, and intermediate work products of each SFLC
phase. It describes the role of each work product in the phase, and the context in which it is used.

Note: Some of the work products identified in this section are composed of multiple process model
inputs/outputs. The workproducts were defined to encapsulate related information. Regardless of
their compostion, the information in the work products corresponds to the process model inputs
and outputs.

INPUTS OUTPUTS

Customer Inputs I---> o System Description (Prel)
o Statement of Work ---> I Preliminaryl---> o Environment Description
o Guidelines ----------> System j---> o Project Plan
o Standards ----------- > Analysis i---> o Prototype Capability
o Desired Operational--> I Specification(s) (Prel)

Capabilities I---> o New Technology Request

Intermediate Work Products

o User Interview Summaries
o Trade Study Reports

The initial phase of the SFLC is Preliminary System Analysis. The purpose of this phase is to
perform a preliminary capabilities analysis in order to obtain a high level understanding of users'
requirements and system capabilities. The analysis must be at a level which enables the develop-
ment of a project plan and a preliminary capability specification for the initial system prototype(s).
It should also identify new technologies which need to be researched and Jeveloped.

The Preliminary System Analysis phase begins with the receipt of the Statement of Work and any
guidelines and standards from the customer which need to be followed. The customer may also
supply work products that describe required operational capabilities for the system to be developed.

The major output work products of the Preliminary System Analysis phase are the System De-
scription, the Environment Description, the Project Plan, and the Prototype Capability
Specification(s) for the initial system prototype(s). These work products provide a description of

the system and its operational capabilities and are usually produced in a preliminary form. In ad-
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dition, New Technology Requests are produced to initiate efforts to develop new technologies that
may be required by the system.

At the start of the Preliminary System Analysis phase, the System Description is developed. It
consists of: the Mission Statement, the Operational Need Document and the Operational Concept
Document. The Mission Statement is a concise high level description of what the system does.
The Operational Need Document describes the operational problem to be solved in user opera-
tional terms rather than technical engineering terms. The Operational Concept Document describes
the high level features of the system and how the system will operate in the environment in which
it %ill to be deployed. The Mission Statement is completed and signed-off in the System Analysis
phase. The other two documents produced are preliminary and are expanded and definitized in the
System Architecture phase.

The Project Plan consists of all of the major planning documents (e.g. Incremental Build Plan)
necessary for project management. It is incrementally expanded and updated as the project life
cycle is executed. During the System Analysis Phase, effort is focused on developing the Incre-
mental Build Plan, Usability Plan, Software Development Plan and the Prototyping Plan(s) for the
initial system prototype(s). The Incremental Build Plan defines the planned order in which the
system capabilities will be built and integrated. This plan is refined based on the results of proto-
type evaluations and increased understanding of the required system capabilities. The Usability
Plan outlines objectives to ensure that the system's user interface meets the needs of the end user.
It takes into consideration any required user interface standards input by the customer and the re-

__dq t . if .sT~ -~~wr fl0uiJopgczedarid~efzn
the methods to be used during software development. The initial Prototyping Plan defines the
approach for building and evaluating the initial system prototype.

The Environment Description details the environment the contractor will use while performing its
life cycle responsibilities. It consists of the specification, identification and instantiation of the En-
vironment. The Environment Specification states the environment capabilities necessary to com-
plete the contractor's life cycle responsibilities. The Environment Identification identifies the actual
environment features which will fulfill the environment requirements. Lastly, the chosen hardware
and software is integrated into the environment. For example, a project that has to compile Ada
source code would record this as a capability specification. An Ada compiler would then be iden-
tified and integrated into the system. As the environment is modified the Environment Description
should be updated.

The preliminary Prototype Capability Specification defines the capabilities to be developed in the
initial system prototype(s). Included in the specification is the identification of the reusable soft-
ware components to be used and the specification of new components to be developed. (The re-
sults of studies concerning trade-off decisions are recorded in Trade Study Reports.) The Prototype
Capability Specification in conjunction with the Prototyping Plan (part of the Project Plan) drives
the first iteration of the System Architecture phase.

Once the above work products are developed the Pre-Prototyping Review takes place. The Pre-
Prototyping Review is performed to ensure that the system developer has a sufficient understanding
of the users' requirements and system operational capabilities to build a prototype. This review also
ensures an understanding between the customer team and the system developer of the life cycle
approach, milestones and deliverables to be followed by the project.

Note: A System Specification (Preliminary) may be input by the customer, but the SFLC only
requires a definitized System Specification after a full-capability prototype has been developed.

Major Work Products of the SFLC Phases 53



System A rchitecture

INPUTS OUTPUTS

I ---> o Full-Capability
o System Description ---- > System Prototype

(Preliminary) ---> o System Description
o Project Plan -----------> System (Definitized)
o Prototype Capability---> Architecture ---> o System Specification

Specification(s) (Prel) (Definitized)

> o Project Plan
--- > o New Technology Request
--- > o Component Development

Request

Intermediate Work Products

o System Prototypes
o System Description (Expanded)
o Prototype Capability

Specifications
o Prototype Designs
o Project Plan
o Trade Study Reports (e.g., HW/SW)
o System Operation and Support Documents

The System Architecture Phase is the driving phase of the SFLC. Key goals of this phase are to
formulate and defnitize the system capabilities that satisfy the requirements of the customer/user,
and reduce technological and programmatic risks in the development of the operational systdm.
Instrumental in achieving these goals is the evolution of a full-capability prototype of the system
with maximum use of reusable components. As part of the process of evolving a full-capability
system prototype, incremental system prototypes are developed concurrently with new software
components and new technologies. Incremental prototypes addressing alternative approaches of
the same capability, or addressing distinct capabilities are also developed in parallel. These proto-
types address technological and programmatic risks early in the system life cycle and allow early,
effective customer involvement in evaluating and refining the system capabilities.

The major input work products to the System Architecture phase come from the System Analysis
phase: the preliminary System Description, the Project Plan and the preliminary Prototype Capa-
bility Specification(s) for the initial system prototype(s). The major output work products of this
phase include the full-capability System Prototype, the I, .,-ct Plan and the defmitized System
Description and System Specification.

Through successive iteration, the initial system prototype is evolved to a full-capability system
prototype. The incremental building of the full-capability requires several key intermediate work
products including
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* the Project Plan and Prototype Capability Specifications which drive each iteration,

0 the interim capability prototypes and their designs which are the result of each iteration,

* Trade Study Reports which document the results of the analysis of alternative approaches
within an iteration, or across iterations.

In addition, requests can be made to the Software Growing phase for New Technology and Com-
ponent Development.

The Prototype Capability Specifications for the system, in conjunction with the Incremental Build
Plan and the Prototyping Plan (parts of the Project plan) drive each iteration in the System Ar-
chitecture phase. As described in the System Analysis phase, the Incremental Build Plan defines
the planned order in which system capabilities will be built. A Prototyping Plan, which defines the
approach for building and evaluating a prototype, is developed for each prototype built during an
iteration. The Prototype Capability Specification defines the capabilities which will exist in the
prototype at the end of an iteration.

The interim System Prototypes are key work products within this phase. These prototypes are the
mechanism the customer/user can effectively use to evaluate and refine system capabilities. The
evaluation results are captured in the Prototype Capability Specification. They influence decisions
concerning succeeding iterations. The interim System Prototypes allow trade-off studies (e.g.
Software/Hardware, Performance/Space) to be performed and recorded in Trade Study Reports.
The system prototypes help refine the system description and enable a high level architecture to be
definitized and recorded in the System Description Document. They also enable the exploration
of risks as discussed previously.

At the end of an iteration a decision is made whether or not a full-capability System Prototype
exists. If one does exist, the System Specification, which defines the system capabilities that will
be included in the productized system, is definitized. This document, in conjunction with the full-
capability System Prototype fully describe the system to be productized and the Productization
Phase begins. If a full-capability System Prototype does not exist, then the next iteration's Proto-
type Plans, and Prototype Capability Specifications are developed.

Note: The System Operation and Support documents are those documents required to support the
operational system such as a system user manual or an installation manual. The System Operation
and Support documents to be delivered for a system will vary from system to system. During this
phase, trade-off analyses are done to determine which System Operation and Support documents
will be developed, and the content of each document. For example, a system may not require an
extensive user manual if an informative help/tutorial component is a part of the system. These
documents are fully developed during the Productization and Production phase.
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Software Growing

INPUTS OUTPUTS

o Component Development-> I Software I---> o Reusable Component
Request I (Component) i---> o Component Specification

I Growing I (Definitized)
o New technoogy- 6!d- --- -o- omponent - gesi-l

Request I (Definitized)

Intermediate Work Products

o Component Prototypes
o Prototype Capability

Specificat ions

o Prototype Designs

During the Software Growing phase, new software components are developed and new technologies
are explored. The prototyping cycle for developing new software components, performed concur-
rently and iteratively, is similar to the System Architecture phase except emphasis is placed on
building reusable component for the repository. Since the development cycle is similar, so are many
of the major work products. The major difference is that the work products of this phase are
scoped for the component level and not the system level.

The major input work products of the Software Growing phase are requests from other phases for
the development of new components and/or new technologies. The major output work products
are the resulting Reusable Components and their definitized Specification and Design. The inter-
mediate work products include the Prototype Capability Specification and Design for the compo-
nent and the interim Component Prototypes.

Note: Work products for developing new technologies have not been addressed since the process
has not been defined at this time.
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Productization and Production

INPUTS OUTPUTS

o Full Capability ------- >1
System Prototype ---> o Operational System

o System Description ---- > Productization --- > o System Design
td .... ---- iia_- -

o System Specification-->I Production ---> o System Operation and
(Definitized) I Support documents

o Project Plan ---------->1 I

In the Productization and Production phase, the final system prototype is productized and delivered
to the customer. The major input work products are the full-capability System Prototype, the
definitized System Description and System Specification and the Project Plan, which were devel-
oped in the System Architecture phase. The major output work product of this phase is the
productized system: "a fully defined, specified, developed, documented, tested, delivered, and sup-
ported production quality software/hardware system (STAR87)". Supporting output work pro-
ducts include the definitized System Design and the System Operation and Support documents.

The key areas of the Project Plan during this phase are the Productization Plan, the System Test
Plan, the System Installation and Acceptance Plan and the Delivery plan. The Productization Plan
defines the steps necessary to productize the full-capability system prototype. The System Test
Plan defines the testing objectives for the system. The System Installation and Acceptance Plan
and the Delivery Plan define the steps necessary to deliver and install the system at customer sites.

The definitized System Design is developed during this phase to baseline the design of the system
which will be deployed. Most of the information necessary for completion of this document can
be gathered from the prototype system designs and the component designs previously developed.

During this phase, the System Operation and Support documents identified and outlined in the
System Architecture phase are fully developed and defuiitized.
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System Operation and Support

INPUTS OUTPUTS

o Operational System ---- > I
I System I---> o Major New Operational

o System Operation -- >1 Operation I Requirements
and Support documents and I

Support I

Intermediate Work Products
o System Problem Reports
o Updated System

In the System Operation and Support phase, the productized system is deployed and operated in
its intended environment. It may be maintained by the customer, the system development con-
tractor, or a maintenance contractor. As the system is operated, system problems may be identified.
If so. a solution is developed and the system is updated. If new operational requirements are
identified for the next version of the system, these are input to the Systems Analysis phase. The
SFLC is then repeated, as required, for a new version of the operational system.
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Summary of Work Products
This section presents a summary description of the work products in table form. The first table
describes the major inputs and outputs of each phase of the SFLC. The second table describes the
development of each major work product during the execution of the SFLC. The third table lists
the external definitized work products that describe the system. The last table lists the external
defixitized work products that describe the reusable components generated during the execution of
the SFLC.

SFLC Phase Inputs and Outputs
-hi _- dq , _of c - LhcT.C . - _

Phase Inputs Outputs

Prelimina" System Analysis Statement of Work, Guide- System Description (Prel),
lines, Standards, Required Environment Description,
Operational Capabilities Project Plan. Prototype Ca-

pability Specifications (Prel),
New Technology Request

System Architecture System Description (Prel), Full-Capability System Pro-
Project Plan, Prototype Ca- totype, System Description
pability Specifications (Prel) (Def), System Specification

(Def), Project Plan

Software Growing Software Component Re- Component, Component
quest, New Technology Re- Specification (Def), Compo-
quest nent Design (Def),

Productization and Pro- Full-Capability System Pro- Operational System. System
duction totype. System Description Operation and Support Doc-

(Def), System Specification uments, System Design (Def)
(Def), Project Plan

System Operation and Sup- Operational System, System Major New Operational Re-
port Operation and Support Doc- quirements

uments
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Work Product Development Stages
This table describes the development of each of the major work products during the execution of

the SFLC.

Work Product Preliminary System Archi- Software Grow- Productization
System Analysis tecture ing and Production

Environment Preliminary Updated Updated Updated
Description

Project Plan Preliminary Updated Updated Updated

System De- Preliminary Defmitized
scription

Trade Study Preliminary and Definitized
Reports Definitized

Prototype Ca- Preliminary (In- Expanded (Sys- Preliminary and
pabilitv Spec itial System tem Prototype) Expanded

Prototype) (Component
Prototype)

Prototype De- Preliminary and Preliminary and
,si .... . .Exanded . .Expanded_

System Prototyped Productized

System Specifi- Definitized
cation
System Opera- Outlined Definitized
tion and Sup-
port Documents
System Design Defmitized

Component Prototyped and
Definitized

Component Definitized
Design

Component Definitized
Specification
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Definitized External Work Products for the System
At the completion of the life cycle, the definutized external work products describing the system
include:

Name Type Output Phase
System Description Document System Architecture
System Specification Document System Architecture
System Design Document Productization and Pro-

duction

System Operation and Sup- Document Productization and Pro-
port Documents duction

Operational System System Productization and Pro-
duction

Definitized External Work Products for Components

, etsme cornp~eoin- -T-ire- ' --thd-xf- v6F'f ducts -dscib- omT6rponenrs...-
include:

Name Type Output Phase
Component Specification Document Software Growing
Component Design Document Software Growing
Component Software Software Growing
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Acronyms
Acronym leaning

CDRL Contract Data Requirements List

DoD (United States) Department of Defense

IBM International Business Machines

SFLC Software-First Life Cycle

SOW Statement of Work

STARS Software Technology for Adaptable, Reliable Systems
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Appendix A. SFLC Work Product Descriptions
Definitions of the major work products are listed alphabetically in this section. The template used
to define the work products includes the name of the work product, its type, purpose, and content,
how it is developed, and whether it is an external or internal work product. Task IR66, Software-
First CDRLS, will refine these definitions, and define each work product's format.

Name:
Component

Type:
Software.

Description:

A reusable, self-contained software portion of the system.

Content:

0 Documented Software

Format:
TBD

Development:

A Component Development Request, input to the Software Growing phase,
initiates the development of a software component. The component is
prototyped and productized during the Software Growing phase.

External/Internal:

The productized component is an external work product. The interim
prototypes may be internal or external.

Figure 25. Component

Appendix A. SFLC Work Product Descriptions 64

tE



Name:
Component Design

Type:
Document.

Description:

The definitized Component Design details the implementation of a
Component.

Content:

* Architecture
* Interfaces

Format:
TBD

Development:

There is a definitized Component Design document for each Component
developed in the Software Growing phase.

_~_____ n LInternaL ..- __ .......... -.

The defitized Component Design is an external work product.

Figure 26. Component Design

Name:
Component Specification

Type:
Document.

Description:

The definitized Component Specification details the capabilities of a
Component.

Content:

* Capabilities

Format:
TBD

Development:

There is a defmitized Component Specification for each Component
developed in the Software Growing phase.

External/internal:

The defmitized Component Specification is an external work product.

Figure 27. Component Specification
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Name:
Environment Description

Type:

Document, Software, Hardware.

Description:

This document details the environment the contractor will use while
performing its life cycle responsibilities.

Content:

* Environment Specification - The statement of the environment
requirements necessary to complete the life cycle responsibilities.
(e.g. Compile Ada Source Code)

* Environment Identification - The statement of the actual
environment features selected to fulfill the environment requirements.
(e.g. Ada Compiler).

* Environment Instantiation - The actual 11WiSW of the identified
environment features.

TBD

Development and Use:

The Environment Description should cover all phases of the life cycle.
It is drafted in the Preliminary System Analysis phase and periodically
updated during the other phases.

External/Internal:

The Environment Description is an external work product.

Figure 28. Environment Description
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Name:
New Technology Request

Type:
Document.

Description:

Formal description of a problem where breakthrough solutions are
desired.

Content:
TBD

Format:

TBD

Development and Use:

New Technology Requests can be initiated '-nm any phase, but most
requests will be initiated from the Preliminai. System Analysis, System
Architecture and Software Growing phases.

External/internal:

New Technology Requests can be internal or external work products.

Figure 29. New Technology Request
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Name:
Project Plan

Type:
Document.

Description:

The Project Plan consists of all of the major planning documents
necessary for project completion.

Content:

* Incremental Build Plan
* System Engineering Plan
* Software Development Plan
" Hardware Development Plan
* Prototyping Plans
* Usability Plan
* Productization Plan
* System Test Plan
* System Installation and Acceptance Plan
* Delivery Plan

TBD

Developmnent:

This document is incrementally expanded and updated as the project life
cycle is executed.

External/Internal:

The Project Plan is a working document and at different points in the
life cycle a snapshot of it is externalized.

Figure 30. Project Plan
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Name:
Prototype Capability Specification

Type:
Document.

Description:

The Prototype Capability Specification details the capabilities of the
System or Component Prototype to be developed.

Content:

0 Previous Capabilities
* New Capabilities
0 Identification of Reusable Components
* Identification of standard interfaces

Format:

TBD

Development:

A Prototype Capability Specification is developed for each prototype

Plan drives the refinement of prototyped capabilities.

External/Internal:

Only the preliminary Prototype Capability Specification for the initial
System Prototype is an external work product. All others are informal
internal work products.

Figure 31. Prototype Capability Specification
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Name:
Prototype Design

Type:

Document.

Description:

The Prototype Design details the implementation of the System or
Component Prototype to be developed. (It may include the design of
lower level reusable components which are part of this component.)

Content:

" Architecture
* Interfaces

Format:
TBD

Development:

A Prototype Design is developed for each prototype under development.

M Prototype Designs are informal, internal work products.

Figure 32. Prototype Design

Name:
Software Component Development Request

Type:

Docuinen: t

Description:

This document formally describes the capabilities of a software
component which must be developed.

Content:
TBD

Format:
TBD

Development and Use:

Software Component Development Request can be initiated from any phase,
but most requests will be initiated from the System Architecture phase.

External/Internal:

Software Component Development Requests can be internal or external work
products.

Figure 33. Software Component Development Request
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Name:
System
Type:

Software

Description:

The software system to be developed.

Content:

0 Documented Software

Format:
TBD

Development:

During the Software Architecture phase, incremental prototypes are
developed until a full-capability system prototype exists. This
full-capability prototype is productized during the Productization and

____________ rnadurticon phaw resiltn? i' hgi

External/Internal:

The productized system is an external work product. The interim and
full-capability prototypes are usually internal work products, however
some may requested to be external.

Figure 34. System
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Name:
System Description

Type:

Document.

Description:

The System Description contains a high level description of the system
mission, the operational need and operational concept.

Content:

* Mission Statement
* Operational Need
* Operational Concept

Format:

TBD

Development:

See: Mission Statement, Operational Need Document and Operational
Concept Document.

External/Internal:

The definitized System Description is an external delivery.

Figure 35. System Description
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Name:
System Description - Mission Statement

Type:
Document.

Description:

The Mission Statement is a concise high level description of what the
system does. It relates the mission of the overall system to the
desired capabilities of the operational system.

Content:

* Purpose of the system
* Goals of the system

Format:
TBD

Development:

The Mission Statement is developed during the Preliminary System
.' nalysis phase.

xternal/Internal:

The definitized System Description, including the Mission Statement is
an external delivery.

Figure 36. System Description - Mission Statement
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Name:
System Description - Operational Concept

Type:
Document.

Description:

The Operational Concept Document describes the high level features of
the system and how the system will operate in the environment in which
it will be deployed.

Content:

* Operational Environment Description
* System Functional Overview
* Hligh Level System Architecture

Format:
TBD

Development:

A preliminary version of the System Operational Concept document is

during the System Architecture plhse.

External/Internal:

The definitized System Description, including the Operational Concept is
an external delivery.

Figure 37. System Description - Operational Concept
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Name:
System Description - Operational Need

Type:
Document.

States:

External.

Description:

The Operational Need Document describes the operational problem to be
solved in user operational terms rather than technical engineering
terms.

Content:

* Identification and evaluation of existing system deficiencies
* Identification of additional operational capabilities
, Prioritization of capabilities
* Identification of constraints

Format:

TBD

Development:

A preliminary version of the Operational Need document is developed
during the Preliminary System Analysis Phase. It is definitized during
the System Architecture Phase.

External/Internal:

The definitized System Description, including the Operational Need is an
external delivery.

Figure 38. System Description - Operational Need
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Name:
System Design

Type:

Document.

Description:

The definitized System Design details the Implementation of the
operationai system.

Content:

* System Architecture
* Interfaces

Format:
TBD

Development:

The System Design is definitized during the Productization and
Production phase.

- -teinaI/inatraj- ....

The definitized System Design is an external document.

Figure 39. System Design
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Name:
System Specification

Tye:
Document.

Description:

The definitized System Specification defines the system capabilities
that satisfy the customer/user needs and will be included in the
productized system.

Content:

Capabilities

Format:
TBD

Development and Use:

The definitized System Specification is a major output of the System
Architecture phase.

.... alnt err n-....t...na...n t ¢.-aL: . -..

The definitized System Specification is an external document.

Figure 40. System Specification

Name:
System Operation and Support Documents
Type:

Document.

Description:

The collection of documents necessary for system operation and support.
Examples include a System User's Manual and Installation Manual.

Content:
TBD

Format:
TBD

External/Internal:

The System Operation and Support Documents selected are external work
products.

Figure 41. System Operation and Support Documents
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Name:
Trade Study Report

Type:

Document.

Description:

A Trade Study Report documents the results of the analysis of
alternative approaches, such as hardware/software trade-offs, and
perfor.iiance/space trade-ofls.

Content:

* Experiment
* Results

Format:

TBD

Development and Use:

Trade Studies are usually performed in the System Architecture and
Software Growing phases.

External/Internal:

Trade Study Reports can be internal or external work products.

Figure 42. Trade Study Report
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Appendix B. Major Site Visits and Meetings
The following site visits and meetings have been conducted to provide a forum for presenting, and
receiving comments, on the SFLC definition and to gain insight and feedback from SFLC related
industry experience.

* Ben Flores, IBM SID Houston, Space Shuttle Project - June 8, 1989

The purpose of this meeting was to discuss the successful use of a prototype life cycle by the
PCASS project and the major lessons learned.

" Dr. Winston Royce, President of Software First, Inc.- August 1, 1989

The purpose of this meeting was to discuss the Leonardo Project, which is being developed for
the Micro-Computer Consortium. Leonardo is an effort to implement a framework and en-
vironment for developing software systems. Dr. Royce also presented his views on the SFLC.

* IBM SID User Interface Center of Competency - August 3, 1989

The purpose of this meeting was to present the the SFLC to the User Interface Center of
Competency and exchange ideas on the role and impact of prototyping on the system devel-
opment life cycle.

" Elliot Margolis, IBM SID, FAA/AAS Project - September 8, 1989; Dr.Russ Benel, IBM SID,
FAA/AAS Project - October 6, 1989

The purpose of this meeting was to discuss the FAA Advanced Automatation System (AAS)
project's use of prototyping in their life cycle and the lessons learned from it.

* EIA Computer Resources Workshop, Panel 3D, "DOD-HDBK-287 A Tailoring Guide for
DOD-STD-2167 - Review Recommendations" - September 18, 1989

The purpose of this meeting was to present the SFLC to the panel in order to gain their
feedback and insights, and to provide an example of a new and emerging development process
with which to measure the flexibility of their handbook.

* IBM SID Gaithersburg Software Engineering Council - September 27, 1989

The purpose of this meeting was to present the SFLC to the IBM Gaithersburg Software
Engineering Council, in order to gain their feedback and insights, based on their own broad
experiences in developing large software systems.

* Ed Seidewitz and Frank McGarry, Goddard Space Flight Center - October 17, 1989

The purpose of this meeting was to discuss their efforts over the past few years in developing
and reusing Ada components, using object oriented design, and their current effort to define
and implement a generic reusable model for a specific application domain.

* Elfrieda Harris, Goddard Space Flight Center - October 17, 1989

The purpose of this meeting was a demonstration of Transportable Application Environment
(TAE), a portable UNIX based prototyping system that includes an Ada code generator. TAE
Plus Version 4.0 will be installed and evaluated for use on STARS by the IBM Gaithersburg
User interface Center of Competency.
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* Dave Amos, IBM Toronto, Application Development Lab - October 18, 1989
The purpose of this meeting was to discuss their methodology, used over the past several years,for developing reusable components. Their methodology involves the use of a standardizedand reusable framework and environment; and includes the use of Excelerator to analyze, de-sign, assemble, and execute systems from reusable components.
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